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Press any up button (A) to stort 
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Stort treatment segment 1 

Press any up button (A) to stort 
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Start treatment segment 4 

Press any up button (4) to start 



Ch. t 
00 



Ch. 2 
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Treatrtent Plan 123 
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Treatment running 

Adjust channel Intensities 
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Treatment running 

Adjust choraiel Intensities 
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Treatment running 

Adjust channel Intensities 
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Segnent 1 of 4: Treat pain 
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Treatment running 

Adjust channel Intensities 



Ch. I ft. 2 

10 08 



Seonent 4 of 4: Treot swel ling 




Help Information 

How tine Is displayed 



Tine Is on Inportant port of your 
treotnent and of this devices' s 
operation. Tine Is displayed In on 
hour minute: second fomot: 
H:HM:SS 

H represents hours, 1-9. 

HM represents nlnutes, 1-59. 

SS represents seconds, 1-59. 

1:10:22 Is one hour, ten nlnutes 
and twenty- two seconds. 
You noy be asked to enter tine and 
other nunbers, As you press the keypad! 
the nunters start on the right and 
nove left as nore ore entered. Just 
like nost electronic calculators. 
(More Inf emotion In Operation Manual. ) 
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Help Information 

Treotnent Intensity control 




Ch. I — Channel nunber 

corresponds to channel jack. 
Channel I controls Jock 1 

Channel Intensity Indicator 

— Up button Increases channel 
Intensity 



Down button lovers channel 
Intensity 



Each set of Up and Down buttons con- 
trols Its channel Intensity. A cable 
and 2 pads connect to each channel . 
(Hore Infomatlon In Operotlon'Honual ) 
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View treatment settings 



Treotnent Plan 939 
Treotnent area: None 

Segnent Funct I on T I ne 

->l Treat poln 0:40: GO 

2 Treat Muscle 0:10:00 

3 Treat poln 0:40:00 

4 Treat nuscle 0:10:00 
Total treotnent tine 1:40:00 



Current segnent 
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1 : Treat pain 
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0:40:00 



40:00 inoiroi 
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Adjust screen contrast 

A I ncreoses,V decreases contrast 
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Treatment plan data 

Settings for each segnent 



Pain Indication: Acute pain 
Other Indication: Muscle spasns 
Treotnent area: Upper back 
Treotnents per day; Twice a day 

Plan 2L5: Segnent: 1 :Tr eat poln 
Mode : Var I ab I e 

Frequency: High 
Pads: 2 pads 

Tine: 0:15:00 
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Treatment on pause 

Press Resune to continue 
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Press Resune to continue 
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Press Resune to continue 
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Treatment on pause 

Press Resune to continue 
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Tine until device turns off: 0:09:45 
Segnent 4 of 4: Treot swef lfng 
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Resuming treatment 

Increasing to previous settings 
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Resuming treatment 

Increasing to previous settings 
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Resuming treatment 
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Treatment completed 

Congratulations 



Your doctor Instructed you to take 
two treatnents each day. 

Today you hove token one treatment. 
If possible, please toke another 
treotnent . 

Pteose take two treatnents 
tonorrow . 
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Dn/Dff button pressed 

Continue treotnent or turn off 



On/Off Sutton was pressed 
oWIng a treotnent. 

Treatnenrt Is tenpararlty stopped. 

Continue treotnent or 
turn the device off. 



Continue Off 
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Battery enpty 

Recharge battery now 



Battery Charge 02 



Recharge 
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RECHARGING ALERT 

Battery not recharging 



Please check charger connections. 

To charge battery: 

1. Plug ft Medlcol charger Into wall 
outlet. 

2. Plug charger coble Into device lack 
labeled "Bottery Charger.* 

Follow these directions. If this 
screen Is stl II displayed, a problen 
exists. Please telephone RS Medlcol 
Custoner S ervi ce tol I -free 
1-6Q0-S5-5SK. 
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RECHARGING ALERT 

Battery not recharging 



Please check device tenperature. 

The battery Is too hot or too cold 
to be recharged. Volt until device 
reaches noma I household tenperoture, 
then try recharging. 



Follow these Instructions. If the 
device does not recharge, a problen 
exists. Pt ease telephone RS Medical 
Customer Service toll-free 
1-800-555-5555. 
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Battery -fully charged 

Unplug charger to start treatment 
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Battery recharging 

Do not use device during charging 



Battery Charge 80? 
Tine until fully charged: 0:14:56 
Ful I treotnent requires 42 

To start treotnent, unplug battery 
charger fron device. 
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Select Treatment Plan 

Select type of pain 



Prior 
screen 



Acute pa ^ 



Sub-acute pain 



Hypersensitive 
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Chronic pain 
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Select one other indication 



Poln indication: Acute pa In 
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atrophy 
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Select Treatment Plan 

Press general areo erf pain 
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Select Treatment Plan 

Press source area of poln 



Poln indication: Acute poln 
Other indication: Reeducate nuscle 
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Select Treatment Plan 

Press source arco of pain 



Pafn Indication: Acute pain 
Other Indication: Range of notion 
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Select Treatment Plan 

Press source oreo of pain 



Pain indication: Acute pain 
Other Indication; Range of notion 

r~r tip [~i 

J Le«ta« I] Bight ^ I 
I Left calf I! Right coif I 
I Left ankle IlRlght anklet 
I Left fast ii Rlgttt foot f 
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Select Treatment Plan 

Press general area o*f pain 



Poln Indication; Acute poln 
Other Indication: None 




Prior ~] 
screen 



Select Treatment Plan 

Ansver question 



Pain Indication; Acute pain 

Other Indication: Venous thronbosls 

Treatnent area; Left shoulder 

Is shoulder novenent Indicated!; No 



Thoraslc outlet condition! 
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Ho 
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View pods: Ful I bock 

Channel nunbers appear on pods 



Connections ore sinple: 

1. Plug coble Into Channel t jock. 

2. Connect Chonnel I coble to pads. 

3. Place Channel 1 pads os lllustroted. 
Repeat for other channels. 




FIG. 84 



View pads; Upper back 

Channel nunbers appear on pods 



Connections ore sinple; 

1. Plug coble Into Channel I Jock. 

2. Connect Chonnel I coble to pads. 

3. Place Chonnel 1 pods as Illustrated. 
Repeat for other channels. 
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View pads: Neck-bock 

Channel nunbers appear on pods 



Connections are sinple: 

1. Plug coble Into Channel I jock. 

2. Connect Channel I cable to pods. 

3. Piece Chonnel t pods as Illustrated. 
Repeat for other channels. 





FIG. 86 



View pads: Lower back 

Channel nunbers appear on pods 



Connections ore sinplei 

1. Plug cable Into Channel 1 Jock. 

2. Connect Chonnel I coble to pods. 

3. PI ace Channel t pods as Illustrated. 
Repeat for other channels. 
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View pads: Low bock/hips 

Channel nunbers appear on pads 



Connect tons ore slnple: 

1. Plug cable into Channel I Jock. 

2. Connect Channel t coble to pads. 

3. Place Channel I pads as Illustrated, 
Repeat for other channels. 




X 



/ 






rf 






Prior 




screen | 




FIG. 88 



View pods; Left hfp 

Channel nunbers appear on pads 



Connections are slnple; 

1. Plug coble Into Channel I Jack. 

2. Connect Channel 1 coble to pads. 

3. Place Channel I pads as Illustrated. 
Repeat for other ch annel s. 
/ 7 i - v 





FIG. 89 



View pads; Right hip 

Channel nunbers appear on pads 



Connections are slnple: 

1. Plug cable Into Channel I Jock. 

2. Connect Channel 1 cable to pads. 

3. Place Channel 1 pods as Illustrated. 
Repeat for other channels. 




Prior 
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FIG. 90 



View pods: Shoulder 

Channel nunbers appear on pads 



Connections are slnple: 

1. Plug coble Into Channel 1 Jack. 

2. Connect Channel I coble to pods. 

3. Place Channel I pods os Illustrated. 
Repeat for other channels. 

Right Shoulder 

Bock 
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Vie* pads; Shoulder 

Channel nunbers appear on pads 

Connections ore slnple: 

1. Plug cable Into Channel 1 jack. 

2. Connect Channel I coble to pods* 

3. Place Channel 1 pods as Illustrated. 
Repeat for other channels. 

Left Shoulder 




FIG. 92 



View pods: Shoulder 

Channel nunbers appear on pads 

Connections are slnple: 

1. Plug cable Into Channel I Jock. 

2. Connect Channel t cable to pods. 

3. Place Channel 1 pads as 1 1 lustre ted. 
Repeat for other channels* 




FIG. 94 



View pads; Shoulder 

Channel nunbers appear on pods 



Connections ore slnple: 
L .Plug cable Into Channel I jock. 
2. Connect Channel 1 cable to pods. 




FIG. 93 



View pads: Right calf 

Channel nunbers appear on pods 

Connections ore slnple: 

1. Plug coble Into Channel 1 Jade. 

2. Connect Channel t coble to pods. 

3. Place Channel 1 pds os Illustrated. 
Repeat for other channels. 

Front Bock 
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View pods: Left coif 

Chonnel lumbers appear on pods 



Connections ore slnple: 

1. Plug coble Into Channel I jock. 

2. Connect Channel 1 coble to pods. 

3. Ploce Chonnel 1 pods as Illustrated. 
Repeat for other channels. 

Front » Bock 

/ \ / ^ \ Botton Top 




View pods: Right foot 

Channel nunbers appear on pads 



Connections are 5 triple: 

1. Plug coble Into Channel 1 Jock. 

2. Connect Channel I coble to pods. 

3. Place Channel I pods as Illustrated. 
Repeat lor other channels. 

Botton 




FIG. 96 



View pods: Left foot 

Channel rubbers appear on pods 

Connections are slnple: 

1. Plug cable Into Chonnel I jock. 

2. Connect Channel I coble to pods. 

3. Place Channel I pads as Illustrated. 
Repeat for other channels. 
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FIG. 97 



View pods: Right arm 

Channel nunbers appear on pads 

Connections arc slnple: 

1. Plug coble Into Channel 1 Jack. 

2. Connect Channel I coble to pods. 

3. PI ace Channel 1 pods as Illustrated. 
Repeat for other channels. 

Outside of am Inside of am 
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View pads: Left arm 

Channel nunbers appear on pods 

Connections are slnple; 

1. Plug coble into Channel I jock. 

2. Connect Channel 1 coble to pods, 

3. Place Channel 1 pads as illustrated. 
Repeat for other channels. 



Inside of orn Outside oi am 
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View pads: Right thigh 

Channel nunbers appear on pods 

Connections ore slnple: 

1. Plug coble into Channel 1 jock. 

2. Connect Channel 1 cable to pods. 

3. Place Channel I pads as illustrated. 
Repeat for other channels. 




FIG. 101 



View pods: Left thigh 

Channel nunbers appear on pads 



Connections are slnple: 

1. Plug coble into Channel t jack. 

2. Connect Channel I cable to pads. 

3. PI ace Channel I pads as Illustrated, 
Repeat for other channels. 
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FIG. 102 



View pods; Ful I back 

Channel nunbers appear do pads 



Connect ions ere slnple: 

1. Plug coble Into Channel 1 jock. 

2. Connect Channel I cable to pads. 

3. Place Channel t pads as Illustrated. 
Repeat for other channels. 
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View pods: Upper back 

Channel nunbers appear on pods 

Connections ore slnple; 

1. Plug coble into Channel I jock. 

2. Connect Channel 1 coble to pods. 

3. Place Channel 1 pads os Illustrated. 
Repeot for other channels. 
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View pods: Neck-bock 

Channel nunbers appear on pads 

Connections ore slnple: 

1. Plug cable Into Channel I jack. 

2. Connect Channel 1 cable to pads. 

3. Place Channel t pads as Illustrated. 
Repeat 1ar other channels. 




FIG. 105 



View pads: Lower back 

Channel nunbers appear on pads 



Connections are slnple: 

1. Plug coble Into Channel t jack. 

2. Connect Channel 2 cable to pads. 

3. Place Channel I pads os Illustrated, 
Repeat for other channels 




FIG. 106 



View pods: Shoulder 

Channel nunbers appear on pads 



Connections are slnple: 

1. Plug cable Into Channel 1 jack. 

2. Connect Channel t coble to pods. 

3. Ploce Channel I pods as Illustrated. 
Repeot for other channels. 



Right 
shoul der 
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View pods: Shoulder 

Channel nunbers oppeor on pods 

Connections are slnple: 

1. Plug cable Into Channel I Jock. 

2. Connect Channel 1 cable to pods. 

3. Place Channel 1 pods as lllustroted. 
Repeot for other chonnels. 
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View pods: Right elbow 

Channel nunbers appear on pods 

Connect leans ore slnple: 

1 . P lug coble Into Channel 1 Jock. 

2. Connect Channel 1 coble to pads. 

3. PI ace Channel I pads as Illustrated, 
Repeat for other chonnels. 

Outside of elbow Inside of elbow 




FIG. 109 



View pads: Left elbow 

Channel nunbers appear on pads 

Connections ore slnple: 

1. Plug coble Into Channel 1 jade. 

2. Connect Channel I coble to pods. 

3. Place Channel I pods as Illustrated. 
Repeot for other channels* 

Inside of elbow Outside of elbow 




FIG. 110 



View pods: Right wrist 

Channel nunbers appear on pads 

Connections ere slnple; 

t.Plug coble Into Channel I Jock. 

2. Connect Channel I coble to pads. 

3. Place Chonnef 1 pods as Illustrated. 
Repeat for other enamels, 

Outside of wrist Inside of wrist 
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View pads: Left wrist 

Channel nunbers appear on pads 



Connections are slnpte; 

1. Plug coble Into Channel i Jack. 

2. Connect Channel 1 coble to pads. 

3. Place Channel 1 pads as Illustrated. 
Repeat for other channels. 

Inside of wrist Outside of wrist 

Left 
wrist 
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FIG.112 



View pads: Right knee 

Channel nunbers appear on pods 



Connections are staple: 

1. Plug cable Into Channel I Jack, 

2. Connect Channel I cable to pads. 

3. Place Channel t pods as Illustrated. 
Repeat for other channels, 
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FIG. 113 



View pads: Left knee 

Channel n unbers appear on pods 

Connections ore stnple: 

t.Plug cable Into Channel t Jack. 

2. Connect Channel I cable to pods* 

3. Place Choanal t pads as Illustrated. 
Repeat for other channels. 
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View pads: Right calf 

Channel nunbers appear on pods 

Connections ore slnple: 

1. Plug cable Into Channel 1 Jack. 

2. Connect Channel 1 coble to pads. 

3. PI ace Channel I pods as Illustrated. 
Repeat for other channels. 
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View pads: Left calf 

Channel nunbers appear on pods 

Connections ore slnple: 

1. Plug coble Into Channel I jack. 

2. Connect Channel 1 coble to pads. 

3. Place Channel I pods as Illustrated. 
Repeat for other channels. 
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FIG. 116 



View pods: Right ankle 

Channel nunbers appear on pods 

Connections are slnple: 

1. Plug cable into Channel I Jack. 

2. Connect Channel I coble to pads. 

3. PI qcr Channel 1 pods as Illustrated. 
Repeat "for other channels, 
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View pads: Left knee 

Channel nunbers appear on pods 



Connections ore slnple: 

L.Plug coble Into Channel 1 Jack. 

2. Connect Channel t coble to pods. 

3. Piece Channel 1 pads as Illustrated, 
Repeat for other channels. 
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View pads: Right hip 

Channel nunbers appear on pads 



Connections are slnple: 

L.Plug coble Into Channel 1 Jack. 

2. Connect Channel I cable to pods. 

3. Place Channel t pods as 1 1 lustrated. 
Repeat for other channels. 
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View pods; Left hip 

Channel nunbers appear on pods 

Connections are slnplet 

1. Plug cable Into Channel 1 jock. 

2. Connect Channel 1 coble to pads. 

3. Place Channel t pods as illustrated. 
Repeat for other channels. 
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Select Treatment Plan 

Select frequency Df treatments 

Poln Indication: Sub acute polo 
Other Indication: None 
Treatnent area: Right thigh 



How often Is the patient Instructed 
to take a treatnent! 



Once q day 



Twice a day 



As needed 



Is 
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Select Treatment Plan 

Review plan 215 



Poln Indication: Acute pain 
Other Indication: Muscle spasns 
Treatnent area: Neck/Upper back 
Treatnents per day: Once o day 



Segnent Funct I on Tine 

1 Treat pain 0:15:00 

2 Treat nuscle 0:20:00 

3 Treat poln 0:15:00 
Total treatnent tine 0:50:00 



View 




Create 




Adjust 


pods 




Plan 




Plan 
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Adjust treatment settings 

Choose segnent, press Adjust 



Poln Indication: Acute poln 
Other Indication; Muscle spasns 
Treatnent area: Neck/upper bock 
Treatnents per day: Once a day 

Plan 215:£egnent:t : Treat pain 
Hade; Variable 
Frequency: High 
Pads: 2 pads 

Tine: 0:15:00 
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screen 



Adjust 



Done 
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Create Treatment Plan 

Choose segnent press adjust 



Poln indication; Acute pain 
Other Indication: Muscle sposns 
Treotnent area: Upper bock 
Treatnents per day: Tvlce a day 
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MULTI-FUNCTIONAL PORTABLE 
ELECTRO-MEDICAL DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates generally to portable 5 
electro-medical devices. More particularly, the present 
invention relates to a multi-functional portable electro- 
medical device that can be programmed to provide any type 
of electro-medical treatment. ^ 

With the increasing application of high technology to 
medical applications, there has been a trend in recent years 
to providing as much care as possible as well as sophisti- 
cated medical treatment outside of hospitals. That trend has 
resulted in an increase in the amount Ad of surgery as well 15 
as other types of medical treatment, such as rehabilitation 
services, being performed outside of hospitals in, for 
example, ambulatory surgery centers or rehabilitation 
centers, respectively. 

SUMMARY OF THE INVENTION 20 

In order to provide an even more cost effective outcome, 
the present invention obtains the desired medical outcome 
with medical equipment that can be utilized in the patient's 
home. In addition to the cost advantages obtained over ^ 
providing those treatments in an outpatient setting, the use 
of the present invention by patients in their homes is also 
more convenient for the patients, since they do not need to 
travel to an outpatient center for treatment, and they can 
initiate their own unsupervised treatment at their conve- 30 
nience. 

The present invention greatly expands the conditions of 
the patient that can be treated with an electro-medical device 
in clinics and at home. The present invention provides the 
capability to apply any type of electro-medical treatment. 35 
For example, one exemplary embodiment of the multi- 
functional electro-medical device in accordance with the 
present invention is programmed to apply interferential 
current stimulation, high voltage muscle stimulation as well 
as pulsed muscle stimulation treatments. With the ability to 40 
provide interferential current stimulation, the multi- 
functional portable electro-medical device of the present 
invention provides the ability to treat painful muscle con- 
ditions. The multi-functional portable electro-medical 
device in accordance with the present invention may be 45 
programmed to apply many other types of electro-medical 
treatment such as NEMS, TENS, microcurrent, micro 
current, high voltage, constant voltage or pulse width, and 
the like. 

The multi-functional portable electro-medical device of 50 
the present invention is easy to use and safe. Additionally, an 
embodiment of a multi-functional portable electro-medical 
device in accordance with the present invention may include 
a monitoring system that captures and stores information 
regarding the use of the device by the patient. By obtaining 55 
such usage data, the physician/health care providers who 
have developed and/or prescribed the treatment for the 
patient can be s atisfie d tot the patient is indeed receiving 
the desired treatment and the patient's progress can be 
measured. In addition, the underwriter of the cost of the 60 
treatment can be assured that the patient is actually receiving 
the treatment. Such monitoring is important in connection 
with all of the Class II devices, as they are defined in the 
Food and Drug Administration's Manual, "aassification 
Names for Medical Devices and In Vitro Diagnostic 65 
Products," such as a portable electro-medical device as 
defined in 21 CF.R. 890.5850. Such Class D devices are 



328 Bl 

2 

regulated and require a prescription by a doctor but do not 
require a high degree of supervision. Thus, such devices are 
used personally by the patient for whom they are prescribed 
without any supervision at the time of use, 

Another embodiment of the multi-functional portable 
electro-medical device in accordance with the present inven- 
tion provides an optional removable data storage card which 
is secured within the multi-functional portable electro- 
medical device on guide rails that prevent the removable 
data storage card from being inserted into the portable 
electro-medical device incorrectly. The guide rails also 
function to removably secure the data storage card in the 
correct location within the portable electro-medical device. 
In addition, as a safety feature, the pins on the pad cables 
used with the electro-medical device are designed with a 
large diameter so that they cannot be plugged into a typical 
household 110 volt electrical outlet. Also, the battery charger 
cable pin is designed such that it can only plug into the 
battery charger jack and not into a channel jack, which could 
damage the portable electro-medical device. 

Yet another embodiment of the multi-functional portable 
electro-medical device in accordance with the present inven- 
tion determines whether any of the connections between the 
pads, cables and the stimulator is faulty and then takes 
appropriate action. The multi-functional portable electro- 
medical device in accordance the present invention may also 
be designed such that a channel output level can be changed 
only in small increments, which assures that a rapid increase 
or decrease in muscle contraction will not be experienced by 
the user during treatment if a button is continually 
depressed. 

Other safety features of an embodiment of the multi- 
functional portable electro-medical device in accordance 
with the present invention include monitoring the battery 
charger so that none of the channels of the portable electro- 
medical device can provide an output to a cable and pad 
while the battery is being recharged, constantly monitoring 
the frequency and width of the waveform output by the 
portable electro-medical device and taking appropriate 
action if the waveform changes from the desired pattern, 
monitoring the liquid crystal display of the portable electro- 
medical device and taking appropriate action if the display 
is not operating properly and constantly monitoring the 
battery voltage of the portable electro-medical device and 
taking appropriate action if the amount of voltage supplied 
to the microprocessor is incorrect. 

An exemplary embodiment of the multi-functional por- 
table electro-medical device in accordance with the present 
invention includes an interactive liquid crystal display 
(hereinafter "LCD). The LCD includes a touch screen 
through which a user may interact and control the device. 
The LCD can display buttons that indicate to a user where 
on the touch screen a user may touch to enter a command. 
The LCD is also large enough to convey a large amount of 
information to provide guidance to a user of the device. For 
example, the LCD is large enough to display diagrams that 
make it clear to the user how the pads are to be connected 
to the user's body for a treatment. 

An exemplary embodiment of the multi-functional por- 
table electro-medical device in accordance with the present 
invention uses a software based system to provide multiple 
treatment capabilities. The device is a finite state machine 
that provides specific treatments based upon the state of the 
device. Each state has an associated module that controls the 
device to administer an appropriate treatment. 

With these and other features of this invention that may 
become hereinafter apparent, the nature of the invention may 
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be more clearly understood by reference to the following 
detailed description of the exemplary embodiments, the 
claims and the several attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of an exemplary embodiment 
of a multi-functional portable electro-medical device in 
accordance with the present invention; 

FIG. 2 is a top view of the portable electro-medical device 
of FIG. 1; 

FIG. 3 is a front elevation view of the portable electro- 
medical device of FIG. 1; 

FIG. 4 is a rear elevation view of the multi-functional 
portable electro-medical device of FIG. 1; 

FIG. 5 is a schematic block diagram of an exemplary 
multi-functional portable electro-medical device in accor- 
dance with the present invention; 

FIG. 6 is a schematic block diagram of an exemplary 
embodiment of an architecture for a multi-functional por- 
table electro-medical device in accordance with the present 
invention; 

FIG. 7 is a state diagram showing the operation of an 
exemplary control routine of an multi-functional portable 
electro-medical device in accordance with the present inven- 
tion; 

FIGS. 8A and 8B show a schematic diagram of a circuit 
for an exemplary embodiment of a multi-functional portable 
electro-medical device in accordance with the present inven- 
tion; 

FIGS. 9-39 show flowcharts of the control routines of an 
exemplary embodiment of a multi-functional portable 
electro-medical device in accordance with the present inven- 
tion; and 

FIGS. 40-150 show exemplary display screens of a 
multi-functional portable electro-medical device in accor- 
dance with the present invention. 

FIG. 151 is a chart illustrating diagonal modulation 
therapy stimulation in accordance with the present inven- 
tion. 

FIGS. 152 and 153 are charts illustrating R-wave stimu- 
lation. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now in detail to the drawings wherein like parts 
are designated by like reference numerals throughout, FIGS. 
1-4 illustrate an exemplary embodiment of the multi- 
functional portable electro-medical device 10 in accordance 
with the present invention. The multi-functional portable 
electro-medical device 10 includes a power switch 12, a 
liquid crystal display (LCD) touch screen 14 and a speaker 
26. Each of the above-described components, as well as 
other components to be described later herein, may be 
housed within a plastic case or shell 24. 

As shown in FIGS. 3 and 4, the case or shell 24 of the 
exemplary electro^medicat device 10 may be formed- from 
an upper piece 24a and a lower piece 246, in order to more 
easily manufacture the electro-medical device 10. Four 
output jacks 16-22 may be provided at the rear of the case 
of the multi-functional portable electro-medical device 10. 
The four output jacks 16-22 provide a separate jack for each 
of the output channels. A jack 28 for connecting the electro- 
medical device 10 to a battery charger (not shown) may be 
located on, for example, the rear of the electro-medical 
device 10. 
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The electro-medical device 10 may be used in a self - 
administered manner by patients for providing treatments 
prescribed by physicians and/or other health care providers. 
A multi-functional portable electro-medical device in accor- 

5 dance with the present invention may be used for any 
number of muscle treatments including, without limitation: 
the relaxation of muscle spasms, the prevention or retarda- 
tion of muscle disuse atrophy, increasing local blood circu- 
lation in the legs or other limbs of the patient, reeducating 

10 the leg muscles or other muscles of the patient, providing 
immediate post-surgical stimulation of calf muscles of the 
patient in order to prevent venous thrombosis, maintaining 
or increasing the range of motions of the patient's legs or 
other limbs, relieving acute pain, the relief and management 

1S of chronic pain and for reducing edema and/or inflamation 
as well as many other treatments. 

In order to connect the output jacks 16-22 of the electro- 
medical device 10 to the patient, a like plurality of cables 
(not shown) is used to make a connection between one of the 

20 output jacks and a standard electrode pad (not shown) which 
contacts the skin of the patient. For safety purposes) a pin of 
the cable is inserted into the respective jacks 16-22 in order 
to connect an electrode pad to the respective output jack 
16-22. 

25 The exemplary embodiment of the multi-functional por- 
table electro-medical device 10 of the present invention is a 
digital device which provides additional safety features for 
the user, other than those previously described in this 
section. The electro-medical device 10 provides four iso- 

30 lated channels capable of independently treating four sepa- 
rate muscle groups. Each of the four channels has indepen- 
dent output power stages and transformers in order to 
provide channel separation. The electro-medical device 10 is 
battery powered in order to provide portability. The battery 

35 power of the exemplary embodiment is provided by an 
internal 7.2 volt nickel cadmium or nickel metal Hydride 
battery system, which eliminates the need for patients to 
monitor and replace batteries. The LCD touch screen 14 
provides visual feedback and an interface for the user. In 

40 addition, the circuitry of the electro-medical device 10 
includes a speaker 26 that provides audible reinforcement of 
keystroke actions. Also, each of the electrically isolated 
channels has a separate intensity control for independently 
increasing and decreasing the intensity of that channel. 

45 The power switch 12, in addition to powering on the 
electro-medical device 10, also serves as an off switch for 
shutting down the device. The muscle stimulation mode 
contract time and relax time, treatment time and normal/ 
alternating mode selections have built-in default settings. 

50 The inferential mode, continuous/variable mode selection, 
frequency setting, pad selection, and treatment times also 
have default settings- However, those default settings are 
easily modified at the time of use, in accordance with the 
prescription or the user's physician's instructions. 

55 An exemplary embodiment of the electro-medical device 
10 of the present invention may be provided with a data 
storage card 30, the details of which are more fully shown 
and described in U.S. Pat. No. 5,755,745, which is incor- 
porated herein in its entirety. The structure of the storage 

60 card 30 is such that it is designed to be used with and 
removed by the patient from the electro-medical device 10, 
or any other similar type of Class n device which a patient 
uses in an unsupervised manner, mailed to a service bureau 
for downloading the stored usage information, and replaced 

65 with a new data storage card. Typically, a data storage card 
such as the data storage card 30 disclosed herein, is designed 
to hold 30-60 days of patient usage information. During 
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treatment use by the patient, data is accumulated for the pad interferential channels. In the continuous mode, the 

treatment period on the data storage card 30. interference frequency is adjustable from 0 to 200 beats per 

FIG. 5 is a schematic block diagram of an exemplary second. In addition, an amplitude modulation feature is 

embodiment of a multi-functional portable electro-medical selectable which will reduce the amplitude to 50 percent of 
device 10 of the present invention. The exemplary electro- 5 the user selected value over a five second period and then 

medical device 10, as previously discussed, is powered by a return to the user selected value, then repeat the process. In 

rechargeable 7.2 volt nickel cadmium or nickel Hydride the variable mode of operation, the interference frequency is 

battery system 36, which is recharged, by a battery charger var j e d during operation. Three variable modes are provided: 

38, which may preferably be powered by standard 110 volt a low range of i_ 10 beats ^ second, a high range of 
household electric current. As a safety feature, the electro- 1Q go _ 150 beats 9mad and a yfide range of ^ 150 ^nts 

medical device 10 is designed to be inoperative while the The m al i mree ranges varies over a 

battery system 36 is being charged. A battery monitor circuit ten dod , n bo(h me raDtiDU0US and variable 

40 is connected between the battery system 36 and the modes of o £ a ^ ^ d mode can ^ 

processor 42 so that the processor can provide an indication ^ fa £ e tWQ d mode of ^ ^ mterference 

to the user by means of the LCD 14 under certain adverse „ . , . \ , f , u , 

/. . .„ t , ..... . • ~. is signals are pre-mixed and then outputted across one cable 

battery conditions as will be described later herein. The ~ channel 

processor 42, serves to control and monitor all of the p 

functions of the electro-medical device 10. la me P ulsed muscle stimulation mode, an exemplary 

a u - nr> £ *u a ™ • <■ „ut., ■ embodiment of the electro-medical device 10 in accordance 

As shown m FIG. 6, the device is preferably implemented . i* i_ • 

. 4t _ « „ £ , - 1 u with the present mvention generates an alternatmg bipnasic 

with a processor 42. However, the device can also be . . , t - . 1 * r 

, * j * . . .20 asymmetric balanced pulse pattern with a cycle frequency 01 

implemented using a programmed microprocessor and any „/ T¥ , / , * rrx J . . J 

• u 1 • * * j ■ *i * a oin 71 Hz, a 100 volt peak and a 60 milliamp peak. Ine primary 

necessary peripheral integrated circuit elements, an ASIC or . ; . F . " t ^ 77 " 7 F F , _ p n * 

other integrated circuit, a hardwired electronic or logic ^ has * maXimUm , W ' dth of 415 ™ crosecoQ f ; 
circuit such as a discrete element circuit, a programmable £y a transformer-coupled exponential dccaybackto the zero 
logic device such as a PLD, P1A, FPGAor PAL, or the like. 25 base hn °- ™ e b ^ haslc ^ *"! ma * dlrectlon ' r ^ Ul ° g 
In general, any device that includes a finite state machine 25 m a.Puke repetition rate of 142 pulses per second As 
which is capable of implementing the flowcharts shown in P™""^ desenbed, the stimulus intensity is regulated by 
n m u J T * • , _T * <u „ , _ ♦ ^ the patient by pressing the buttons 50. The voltage level is 
FIGS. 9-39 can be used to implement the present mvention. v J Jl, & , . , , & . , 

... , - . it _, , A kept constant. The resulung increase or decrease in stimulus 

An exemplary embodiment of the portable electro- j^^^ri the mcreasing or decreasing charge per 
medical device 10 m accordance with the present mvention 30 ^ ^ ximatel J to me pulse ^ times 

provides four electrically isolated channels 1-4 that are ' e height mnsc i c stimulation pulses are ramped 
capable of independently treating four separate muscle on ^ off thc ^ ^ to ^ desir6d 

groups. Each of the four channels has an independent drive , 4 . , .u . **• * i i 

o/v , * * . , , . j , . and to provide a smooth transition for each muscle contrac- 

system 80-86. Each drive system includes independent ^ r 

output power stages and transformers that ensures channel , s . 

separation. The processor 42 may be programmed to control In P uked muscle stimulation mode, a train of repeat- 

the drive circuits 80^86 to provide any type of electro- P 11 ^ 5 15 durin g ^ cy*- 1116 of 

medical treatment. A speaker 26 provides audible reinforce- P ulses continues until the end of the contract cycle. relax 

ment to the user of keystroke actions using the LCD touch c X cle docs DOt havc an y P ukes - ^ c 011 ^ 1 ^ rclax 

screen 14. Although this detailed description refers to a ^ are repeated until the end of the treatment, 

device that includes only four channels, it is understood by In the interferential mode, the exemplary embodiment of 

those of ordinary skill in the art that a device may include the electro-medical device 10 in accordance with the present 

any number of channels and still form a part of the invention . invention generates a symmetric biphasic sine wave pattern 

In operation of an exemplary embodiment, the patient first having a carrier frequency of less than 20 KHz, and pref- 

powers up the electro-medical device 1© using the on/off 4S erably between about 5-20 KHz. For a carrier frequency of 

switch 12. If the patient does not desire to change the 5000 Hz, an interference frequency is provided of an adjust- 

settings entered into the internal memory 32 of the electro- able 5000-5200 Hz. The output current is 100 milliamps 

medical device 10, then the electro-medical device 10 will peak to peak on a 500 ohm load. The carrier and interfer- 

be powered up in the previously set mode of operation. The ential signals are true sine wave symmetric biphasic outputs 

default setting is the normal mode. In that normal mode, all 50 wilh 2610 net charge. The two sine waves are mixed in the 

four channels of the electro-medical device act patient's body when in four-pad mode. In two-pad mode the 

synchronously, providing the stimulation pulse trains at the sine waves are pre-mixed in the electro-medical device and 

same time, although the intensities of each channel are only one pre-mixed output is generated. The sine wave 

independently controlled. This mode of operation allows the generation continues unnl the end of the treatment, 

patient to independently treat up to four separate muscle 55 The exemplary embodiment of the electro-medical device 

groups simultaneously. 10 can be preset to modulate the sine wave outputs. Two 

If the patient desires, an additional level of control for types of modulation are provided. The first type of modu- 
special situations -he* been- provided, which is termed the- lation is frequency modulation. Three ranges of modulation - 

alternate mode of operation. In the alternate mode of can be selected: 1-10 beats per second, 80-150 beats per 

operation, channels 1 and 2 are operated asynchronously 60 second, and 1-150 beats per second, 

with channels 3 and 4. Thus, when channels 1 and 2 are The second type of modulation, amplitude modulation, 

stimulating the muscles, channels 3 and 4 are off, and when can be selected when the interference frequency is held 

channels 1 and 2 are off, channels 3 and 4 are stimulating the constant. This type of modulation varies the amplitude of 

muscles. The set on and off times are the same for all four one output from its preset value downward to 50 percent of 

channels in the normal mode. 65 its preset value over a five second period. The amplitude 

In the inferential mode of the exemplary embodiment of then returns to its preset value over another five second 

the invention, the continuous mode of operation has two four period. This same amplitude modulation is then repeated for 
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the other output and the process is continuously repeated. a "no load" detection. The control routine also monitors the 

Further to the preferred embodiment, each channel is con- battery and shuts down the operation before there is insuf- 

nected to two pads and the channels are configured so that ficient power to operate the processor 42. 

the modulation on a first channel is opposite to the modu- ^ exemplary conlro i routme also accumulates the treat- 

lation on the second channel. That is, as the amplitude on the 5 mem data for each dbznM} durin a treatment session. When 

first channel is decreased downward the amphtude on the ^ fa c0 , ^ routine ^ 

second channel returns to the preset value. Amplitude modu- ^ data tQ ^ ^ £ 36 ior to shmdown of 

lation can be performed in both the normal mode and the . ™ . . , . . * j *«_ j * , 

alternate mode of o eration processor This data is also stored on the data card 30 by 

' ^ loTd° d^T^i'lS shown in FIG. 5 of the in ^rring the data from the internal data storage to the data 

exemplary embodiment may consist of an output voltage 10 card dunn « ^ shutdown ^ uence - 

signal which is measured across a known load resistance. M previously described, the primary module which oper- 

That signal is amplified and fed back into the analog-to- ates me 0Ut P ut channel circuits is the pulse generator 

digital conversion system contained within the processor 42, module, which forms part of the drive circuits 80-86. Hiat 

which allows a precise measurement of the actual load AK module is started by the foreground execuUve module 90 at 

experienced across the output of the transformer contained thc initialize state 92, when the power switch 12 is 

in each of the four drive circuits 80^86. That measurement depressed. The background pulse generator module 94 is 

allows the processor 42 to detect both open circuits (that is, operated in an independent interrupt driven fashion and 

no load conditions) and short circuit conditions, which functions using data supplied by the foreground executive 

allows the processor 42 to shut down the control signals module 90, which data has been inputted during the 

going to the pulse generation circuits which form part of the advanced options or programming state 96. 

drive circuits 80-36. Thus, under open or short circuit The battery system 36 of the exemplary embodiment is 

conditions, the load detection circuit 78 operates to shut charged during a quick recharge cycle by the battery charger 

down the generation of pulses by the electro-medical device 38. During the charging cycle, the electro-medical device is 

10. in the charging state 104, and cannot operate. The battery 

A watchdog system 88 is also provided to the exemplary 25 monitor 40 as well as the processor 42 determine the amount 

embodiment to monitor the processor 42 to ensure that the of char 8 e needed by the battery system 36. If the battery 

processor 42 is operating and issuing instructions. The system 36 is sufficiently low, then the battery system will be 

watchdog system 88 operates using a "counter". If the charged until the battery voltage begins to show a decline, 

"counter" reaches a certain predetermined value, then it 30 mcn me charging circuit reverts to a "trickle" charge mode 

operates to shut down the processor 42 and thus the electro- m order t0 maintenance of a fully charged battery at 

medical device 10. During normal operation, the processor a ^ times. 

42 prevents such a shut down from occurring by always An exemplary embodiment control routine of the electro- 
resetting the "counter" of the watchdog system 88 back to medical device 10 in accordance with the present invention 
zero well before the maximum counter value is reached. In 35 also includes, as a safety feature, a start treatment channel 
that manner, if the processor 42 becomes non-operational for setting. That feature is designed to prevent, at the start of a 
any reason, the counter of the watchdog system 88 would treatment, a channel output to be set above zero. That 
reach the maximum predetermined value and, thus, shut assures that the user will not receive an abrupt muscle 
down the electro-medical device 10. contraction when starting a treatment. Thus, when starting a 

FIG. 6 shows a schematic block diagram of an exemplary 40 treatment, the electro -medical device 10 begins operation 

embodiment of an architecture for an electro-medical device with all channel intensity settings at zero. If a pad is removed 

in accordance with the present invention. FIG. 6 illustrates from me skm during treatment, the electro-medical device 

the interfaces between the hardware modules and the control 10 automatically resets the channel to zero. If a pad cable is 

routine modules. The primary module is the foreground unplugged from the electro-medical device 10 during 

executive module 90. The foreground executive module 90 45 treatment, the intensity of that channel is reset to zero, 

provides executive control of the device from startup to In addition to the start treatment channel setting safety 

shutdown. That exemplary module is programmed as a state feature, the exemplary embodiment of the electro-medical 

machine with the control routine controlling the operational device 10 in accordance with the present invention also 

state of the device based upon inputs received from the includes a channel increase/decrease limit feature, which is 

device hardware. 50 designed so that the channel output level can only be 

FIG. 7 shows a state diagram of the exemplary control changed one digit at a time. Thus, pressing the respective 

routines shown in FIGS. 9-39 of an electro-medical device channel button 50 will change the output controlled by that 

10 in accordance with the present invention. Those control button by only a small increment. That assures that the user 

routines that correspond to each state will be described in will not receive a rapid increase or decrease in muscle 

detail later herein. The primary module that operates the 55 contraction during treatment if the button were continually 

output channel circuits in the pulsed muscle stimulation depressed. 

mode is the background pulse generator module 94. That Another exemplary embodiment of the electro-medical 

module is started by the foreground executive module 90 at device 10 in accordance with the present invention also * 

startup and is an independent interrupt driven module 98 that includes a monitor which is designed to constantly monitor 

functions using data supplied by the foreground executive 60 the frequency and width of the waveform being applied to 

module 90. The foreground executive module 90 and the each of the pad cables. If the waveform changes from the 

real time clock operational frequencies are constantly mom- pattern that it is designed to generate, the electro-medical 

tored against each other to ensure that they do not become device is automatically shut-off. That assures that the user 

out of tolerance. If they become out of tolerance, the will receive the effective and comfortable treatment which is 

electro-medical device 10 shuts down all operation. 65 designed to be provided by the electro-medical device 10. 

The exemplary control routine also monitors the loads on The patient receives a constant and accurate display of 

each channel and will shut down the output to a channel with information concerning the operation of the electro-medical 
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device 10. When the electro-medical device 10 is first turned 
on using the switch 12, the LCD 14 displays the default 
settings for each of the contract time, relax time, mode and 
treatment time. If those are the prescription settings for the 
particular patient using that electro-medical device 10, then 
there is no need to change the settings. Otherwise, the 
settings are changed as is described herein below. 

FIGS. 8Aand 8B show a schematic diagram of the circuit 
for an exemplary embodiment of a multi-functional electro- 
medical device in accordance with the present invention. 
The circuit 200 includes a power circuit 204 that has a 
charger connector 206 in communication with a battery 
charger 208 in communication with a power supply 210. The 
power circuit 204 provides a number of outputs 212 that 
provide power to other portions of the electro-medical 
device. 

The circuit 200 also includes a processor 214 in commu- 
nication with static RAM 216, flash memory 218, a realtime 
clock 220, and a memory card 222. The processor 214 may 
be any type of processor that is capable of executing the 
control routine as set forth in the flow charts of FIGS. 9-39. 
The processor 214 is in communication with an amplifier 
242 that controls a speaker 226, a liquid crystal display 228, 
a programmable logic device 230, sine wave generators 232 
and 234, a digital to analog converter 236 and an analog to 
digital converter 238. The A to D converter 238 is in 
communication with a microphone 240 through the ampli- 
fier 242 and a touch screen 244. The digital to analog 
converter provides an output gain 270, 272, 274, 276 to four 
channels. The processor 214 controls the digital to analog 
converter 236 to output a predetermined maximum voltage 
on those outputs. The outputs 270, 272, 274 and 276 provide 
the input for the amplifiers 250, 252, 254 and 256, respec- 
tively. 

The processor 214 also communicates with a program- 
mable logic device 230 and sine wave generators 232 and 
234 which are multiplexed by a multiplexer 246 to a digital 
to analog converter 248. The digital to analog converter 248 
adjusts the signal level of the amplifiers 250, 252,254 and 
256. The amplifiers 250, 252, 254 and 256 communicate 
through transformers 278, 280, 282 and 284, respectively. 
The output of the transformers 282 and 284 are provided 
directly to the output of channels three and four, respec- 
tively. However, the outputs of transformers 278 and 280 are 
switched through switches 286 and 288 to output channels 
one and two, respectively. The switches 286 and 288 are 
solenoids which activate dual bar switches to select the 
outputs from the transformers 278 and 280 from the high 
voltage outputs 258 and 260. The circuit 200 also includes 
load sensing devices 262, 264, 266 and 268 which sense the 
load of corresponding channels one through four, respec- 
tively. 

FIG. 9 outlines a control routine for a field upgrade of a 
system of an exemplary embodiment of the device of the 
present invention. The control routine of FIG. 9 executes 
each time the device powers-up. Upon power-up, the control 
routine starts at step 300 where the control routine initializes 
the processorTbe control routine then continues to step 302 
where the control routine determines whether there are bad 
check sums. If, in step 302, the control routine determines 
that there are bad check sums, then the control routine 
continues to step 304. In step 304, the control routine sets an 
error code, beeps three times and continues to step 306. In 
step 306, the control routine shuts down the device. If, in 
step 302, the control routine determines that there are no bad 
check sums, then the control routine continues to step 308. 
In step 308, the control routine determines whether the 
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program in the static RAM 216 is to be loaded based upon 
a special byte in the serial port that indicates that a field 
upgrade whether a field upgrade is to take place. If, in step 
308, the control routine determines that the serial port 

5 indicates is not to take place, then the control routine 
continues to step 310. In step 310, the control routine loads 
a program that is stored in the static RAM 216 and continues 
to step 312. In step 312, the control routine executes the 
control routine outlined in the flowchart of FIG. 10. 

10 If, however, in step 308, the control routine determines 
that a field upgrade is to take place, then the control routine 
continues to step 314. In step 314, the control routine accepts 
a field upgrade system command and continues to step 316. 
In step 316, the control routine processes the field upgrade 

15 system command and returns to step 314. The field upgrade 
system command may include a command to shutdown the 
device. In that manner, step s 308, 314 and 316 operate as 
a type of "boot loader" that enables the program in the static 
RAM to be modified. 

20 FIG. 10 shows a flowchart for an initialization control 
routine of an exemplary device in accordance with the 
present invention as called from step 312 in FIG. 9. The 
control routine starts at step 318 where the control routine 
initializes the hardware and continues to S320. In step 320, 

2s the control routine loads the setup data from an internal flash 
memory and continues to step 321. In step 321, the control 
routine sets the state of the device to "starting** and continues 
to step 322. In step 322, the control routine determines 
whether an error has been stored. If, in step 322, the control 

30 routine determines that an error has been stored, then the 
control routine continues to step 324. In step 324, the control 
routine sets the state to "error" and continues to step 326. If, 
however, in step 322, the controller determines that an error 
has not been stored, then the control routine continues to 

35 step 326. In step 326, the control routine determines whether 
the device has had an improper shut down. If, in step 326, 
the control routine determines that the device has experi- 
enced an improper shut down, then the control routine 
continues to S328. In step 328, the control routine records 

40 error 13, sets the state of the device to "error** and returns to 
step 330. If, however, in step 326, the control routine 
determines that the device has not experienced an improper 
shut down, then the control routine continues to step 330. 
In step 330, the control routine determines whether the 

45 device is in maintenance mode. If, in step 330, the control 
routine determines that the device is in maintenance mode, 
then the control routine continues to step 332. In step 332, 
the control routine initializes a serial port output start up 
message, sets the state of the device to "maintenance" and 

50 continues to step 334. If, however, in step 330, the control 
routine determines that the device is not in the maintenance 
mode, then the control routine continues to step 334. In step 
334, the control routine starts a timed task loop. A timed task 
loop is a control loop for tasks that must be executed at 

55 specified time intervals. An example of such a timed task 
loop includes updating a time indication bar upon the touch 
screen The control routine then continues to step 336. In step 
336, the control routine executes the main executive flow - 
chart as shown in FIG. U. 

60 FIG. 11 shows a main executive control routine of an 
exemplary device in accordance with the present invention. 
The control routine starts at step 338 where the control 
routine determines whether the charger is connected. If, in 
step 338, the control routine determines that the charger is 

65 connected, then the control routine continues to step 340. In 
step 340, the control routine sets the state of the device to 
"charging," stops all operations and continues to step 342. If, 
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however, in step 338, the control routine determines that the 
charger is not connected, then the control routine continues 
to step 342. In step 342, the control routine determines 
whether the battery has a low charge. If, in step 342, the 
control routine determines that the battery has a low charge, 
then the control routine continues to step 344. In step 344, 
the control routine saves the current state, sets the state of the 
device to "low battery" and continues to step 346. If, 
however, in step 342, the control routine determines that the 
battery does not have a low charge, then the control routine 
continues to step 346. 

In step 346, the control routine determines whether the 
device has been turned off. If in step 346, control routine 
determines that the device has been turned off, then the 
control routine continues to step 348. In step 348, the control 
routine saves the current state, sets the state of the device to 
"off" and continues to step 350. If, however, in step 346, the 
control routine determines that the device has not been 
turned off, then the control routine continues to step 350. In 
step 350, the control routine resets the counter of the 
watchdog and continues to step 352. In step 352, the control 
routine updates the liquid crystal display 14 and continues to 
step 354. In step 354, the control routine processes the timed 
tasks that were started in step 334 of FIG. 10 and continues 
to step 356. In step 356, the control routine determines 
whether a byte in the data card is set to "maintenance mode/* 
If, in step 356, the control routine determines that the byte 
is set to "maintenance mode," then the control routine 
continues to step 358. In step 358, the control routine 
processes the data received in the RS232 serial port as set 
forth in the control routine of FIG. 31 and returns to step 
338. If, however, in step 356, the control routine determines 
that the "maintenance mode" button has not been touched, 
then the control routine returns to step 338. 

FIG. 12 outlines the executive interrupt control routine of 
an exemplary embodiment of the device according to the 
present invention. The exemplary embodiment of the device 
operates by continuously processing the control routine 
outlined in the flowchart of FIG. 11. However, the control 
routine of FIG. 11 may be interrupted upon a predetermined 
schedule e.g. every Vio of a second, to execute the control 
routine outlined in the flowchart of FIG. 12. Similarly, FIGS. 
13-15 show other interrupts to the control routine of FIG. 
11. 

The control routine of FIG. 12 starts at step 360 where the 
control routine updates the system clock and continues to 
step 362. In step 362, the control routine executes the control 
routine that corresponds with the current state. Examples of 
such control routines are shown in FIGS. 16-39 and are 
described in detail below. After the appropriate state control 
routine is executed, control of the device returns to the 
control routine of FIG. 12 where the control routine contin- 
ues to step 364. In step 364, the control routine determines 
whether the screen has been touched. If, in step 364, the 
control routine determines that the screen has been touched, 
then the control routine continues to step 366. In step 366, 
the control routine determines whether the screen has been 
touched at a position that corresponds to the inside of a 
button on the screen- to determine whether a button has been 
touched on the touch screen. If, in step 366, the control 
routine determines that a button has not been touched, then 
the control routine returns to step 364. If, in step 366, the 
control routine determines that a button has been touched on 
the screen, then the control routine continues to step 368. In 
step 368, the control routine executes the function of the 
button that has been touched and continues to step 370. 

If, however, in step 364, the control routine determines 
that the screen has not been touched, then the control routine 
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continues to step 370. In step 370, the control routine 
updates the battery level and the gas gauge on the display 
and continues to step 372. In step 372, the control routine 
determines whether the foreground executive and real time 

5 clocks match. If, in step 372, the control routine determines 
that the clocks do not match, the control routine continues to 
step 373. In step 373, the control routine, logs error "2," sets 
the state of the device to "error" and continues to step 374. 
If, however, in step 372, the control routine determines that 

1Q the clocks do match, then the control routine continues to 
step 374. In step 374, the control routine returns to continue 
processing of the control routine that is outlined in FIG. 11. 

FIGS. 13-15 outline control routines that generate pulses, 
receive/send characters and process a transmission, respec- 

15 tively. As explained above, each of the control routines of 
FIGS. 13-15 interrupts execution of the control routine 
outlined in the flow chart of FIG. 11 and executes at a 
predetermined schedule. After the control routine is 
completed, control of the device is returned to the control 

2Q routine that is outlined in the flowchart of FIG. 11. 

FIG. 16 outlines the "starting" state control routine in 
accordance with an exemplary embodiment of the present 
invention. The control routine starts at step 382 where the 
control routine displays the "splash" screen shown in FIG. 

25 39.5 and continues to step 384. In step 384, the control 
routine determines whether the battery power is sufficient to 
provide a minimum treatment. If, in step 384, the control 
routine determines that the battery power is not sufficient to 
provide a minimum treatment, then the control routine 

30 continues to step 386. In step 386, the control routine sets the 
state of the device to "low battery" and continues to step 
388. In step 388, the control routine returns control of the 
device to the control routine of FIG. 12. 

If, however, in step 384, the control routine determines 

35 that the battery power is sufi&cient to provide a minimum 
treatment, then the control routine continues to step 390. In 
step 390, the control routine determines whether the battery 
power is sufficient to provide a full treatment. If, in step 390, 
the control routine detemiines that the battery power is not 

40 sufficient to provide a full treatment, then the control routine 
continues to step 392. In step 392, the control routine 
displays the "low battery charge" screen, an example of 
which is shown in FIG. 40, and continues to step 394. In step 
394, the control routine determines whether the "recharge 

45 now" button has been touched. If, in step 394, the control 
routine determines that the "recharge now** button has been 
touched, then the control routine continues to step 396. In 
step 396, the control routine displays a "how to recharge 
battery" screen, an example of which is shown in FIG. 41 

50 and continues to step 398. In step 398, the control routine 
returns control of the device to the control routine outlined 
in FIG. 12. 

If, however, in step 394, the control routine determines 
that the "recharge now" button has not been touched, then 

55 the control routine continues to step 400. In step 400, the 
control routine determines whether the "start shorter treat- 
ment" button has been touched. If, in step 400, the control 
routine determines that the "start shorter treatment" button* 
has been touched, then the control routine continues to step 

60 402. In step 402, the control routine executes the control 
routine outlined in FIG. 21 and continues to step 404. In step 
404, the control routine starts the segment by executing the 
control routine outlined in FIG. 17. If, however, in step 400, 
the control routine determines that the "start shorter treat- 

65 ment" button has not been touched, then the control routine 
continues to step 406. In step 406, the control routine 
determines whether one minute has elapsed. If, in step 406, 
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the control routine determines that one minute has not control routine continues to step 432. In step 432, the control 

elapsed, then the control routine returns to step 394. If, routine determines whether the "remind me next time; start 

however, in step 406, the control routine determines that one treatment now" button has been touched. If, in step 432, the 

minute has elapsed then the control routine continues to step control routine determines that the "remind me next time; 

407. In step 407, the control routine turns the device off. 5 start treatment now" button has been touched, then the 

t*. • . -*<w* * * a % . . * .u control routine continues to step 434. In step 434, the control 

If, in step 390, the control routine determines that the . . , r .. . r r A . nrr « 

ii, iu M v F ^/ , routine executes the control routine outlined m FIG. 21 and 

battery power is sufficient to provide a foil treatment then C0Qtinues to step 435, In ste p 435, the control routine 

the control routine continues to step 408. In step 408, the executes the CO ntrol routine set forth in the flow chart of 

control routine determines whether a flag indicates that the yi 

device is being operated by a private owner. If, in step 408, 10 ^ ^ in step 432 the control routine determines 

the control routine determines that a private owner is not ^ ^ „ remin(J m£ ne}[t ^ start tisatmeat now » button 

operating the device, then the control routine continues to haj . ^ ^ touched ^ ^ routine to 

step 410. In step 410, the control routine determines whether ^ ^ ^ ^ contro , detemines whether 

the device has expired. If, in step 410 the control routine Elapsed. If, in step 436, the control routine 

determines that the device has expired then the control « determines ^ one mimlte has not ela ^ then me 

routine continues to step 412. In step 412 the control routme Ktmos tQ m ff hQ m ^ (te 

delays a "reset screen, an example of which is shown m routine dctern ^ es thlt one mimlte has ehsed< then 

HG. 42 and continues to step 418. In step 418 the control ^ 43? , n 43, ^ 

routine determmes whether the "reset now- button has been COQtrol routine ^ down the device . 
touched 

If, however, in step 408, the control routine determines 

If, in step 418, the control routine determines that the ^ mc priyatc ownef fa opcrating me device , then the 

"reset now" button has been touched, then the control con trol routine jumps to step 416. If, in step 414, the control 

routine continues to step 420. In step 420, the control routine routine determines that me device ^ DOt past me warning 

displays a "device reset" screen, an example of which is date then the routine continues to step 416. In step 

shown in FIG. 43, and continues to step 422. In step 422, the 4U ^ routme execut es me control routine outlined 

control routine determines whether the "accept" button has k me flow m j^q 17 

been touched. If in step 422, the control routine determines nG ±J ^ a flow ^ ^ outlines me rouline for 

that the "accept button has not been touched then the ^ ^ Qt ^ flow chaft ^ at ^ whefe the 

control routine con^^^^^ control routme determmes whetter the data log is full. If,in 

routme determines whether one minute has elapsed. If in ^ ^ determines mat the data lo fa 

step 424, the control routine determines that one minute has fo £ meQ me routine ^timies to step 450 . i n st ep 

not elapsed, then the control routme returns to step 422. If, 450 , th e control routme displays an "internal update" screen, 

however, in step 424 the control routine determines that one ^ rf which fa ^ Qym {q mQ ^ me data j 

minute has elapsed then the control rouune contmues to step ^ 452 fao in ^ 445, thc 

425. In step 425, the control routine turns the device off. mat me ^ log fa not ^ men 

If, however, in step 422, the control routine determines me control routine continues to step 452. In step 452, the 

that the "accept" button has been touched, then the control control routine sets up the segment data that determines the 

routine continues to step 426. In step 426, the control routine device type and the operating parameters and continues to 

determines whether a valid number has been entered in the ^ step 454 step 454^ me control routine shows one of the 

"device reset" screen. If, in step 426, the control routine &tart segment screens, examples of which are shown in 

determines that a valid number has been entered, then the pjQs 45^43 and continues to step 456. In step 456, the 

control routine continues to step 428. In step 428, the control control routine determines whether one of the "up" buttons 

routme resets the device and continues to step 430. In step on tne toucn smcn nas touched. If, in step 456, the 

430, the control routine starts the segment by executing the 45 control routine determines that one of the "up" buttons has 

control routine outlined in FIG. 17. been touched, then the control routine continues to step 458. 

If, however, in step 426, the control routine determines In step 458, the control routine starts the segment timer and 
that a valid number has not been entered, then the control pulse generator and continues to step 460. The pulse gen- 
routine continues to step 438. In step 438, the control routine erator is a background interrupt driven task that generates 
displays an "invalid entry" screen, an example of which is 50 pulses for step 628 as explained below. In step 460, the 
shown in FIG. 44, and continues to step 440. In step 440, the control routine displays a "treatment running" screen, 
control routine determines whether the "retry" button has examples of which are shown in FIGS. 49-52, and continues 
been touched. If, in step 440, the control routine determines to step 462. In step 462, the control routine sets the state of 
that the "retry" button has not been touched, then the control the device to "running" and continues to step 463. In step 
routine jumps to step 446. If, however, in step 440, the 55 463, the control routine returns control of the device to the 
control routine determines that the "retry" button has been control routine outlined in the flow chart of FIG. 12. 
touched, then the control routine continues to step 442. In j£ however, in step 456, the control routine determines 
step 442, the- control cotttooe- < fe tc rmin es-wtohei the device mat m « up » button-has not been touched, then the control- 
has been reset three times today. If, in step 442, the control routine continues to step 464. In step 464, the control routine 
routine determines the device has been reset three times 60 determines whether the "options" button has been touched 
today, then the control routine continues to step 446. In step 0 n the touch screen. If, in step 464, the control routine 
446, the control routine the control routine shuts down the determines that the "options" button has been touched, then 
device. If, however, in step 442, the control routine deter- the control routine continues to step 466. In step 466, the 
mines that the device has not been reset three times today, control routine executes the control routine outlined in the 
then the control routine returns to step 420. 65 fl ow chart of FIG. 19 and returns to step 454. If, however, 

If, however, in step 418, the control routine determines in step 464, the control routine determines that the "options" 

that the "reset now" button has not been touched, then the button has not been touched, then the control routine con- 
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tinues to step 468. In step 468, the control routine determines routine continues to step 492. In step 492, the control routine 

whether the "view pads" button has been touched. If, in step transfers control to the control routine that called the help 

468, the control routine determines that the "view pads'* screens control routine in FIG. 18. If, however, in step 490, 

button has been touched, then the control routine continues the control routine determines that the "prior screen" button 

to step 470. 5 has not been touched, then the control routine returns to step 

In step 470, the control routine displays a "view pads" 482. 

screen and returns to step 454. Exemplary 'View pads" FIG. 19 outlines the control routine for modifying the 

screens are shown in FIGS. 84-120. If, however, in step 468, options in accordance with the present invention. The flow 

the control routine determines that the "view pads" button chart starts at step 500 where the control routine displays an 

has not been touched, then the control routine continues to 10 "options" screen, an example of which is shown in FIG. 55, 

step 474. In step 474, the control routine determines whether and continues to step 502. In step 502, the control routine 

the "help" button has been touched on the touch screen. If, determines whether the "view treatments settings" button 

in step 474, the control routine determines that the "help" has been touched on the touch screen. If, in step 502, the 

button has been touched on the touch screen, then the control control routine determines that the "view treatment settings" 

routine continues to step 476. In step 476, the control routine 15 button has been touched, then the control routine continues 

executes the control routine that is outlined in the flow chart to step 504. In step 504, the control routine displays the 

of FIG. 18 and returns to step 454. If, however, in step 474, "view treatment settings" screen, an example of which is 

the control routine determines that the "help" button has not shown in FIG. 56, and continues to step 506. In step 506, the 

been touched, then the control routine continues to step 478. control routine determines whether the "prior screen" button 

In step 478, the control routine determines whether four 20 has been touched. If the "prior screen" button has been 

minutes have elapsed. If, in step 478, the control routine touched, then the control routine returns to step 500. If, 

determines that four minutes have not elapsed, then the however, in step 506, the control routine determines that the 

control routine returns to step 454. If, however, in step 478, "prior screen" button has not been touched, then the control 

the control routine determines that four minutes have routine returns to step 504. 

elapsed, then the control routine turns the device off. ^ If, however, in step 502, the control routine determines 

FIG. 18 is a flow chart that outlines the control routine for that the "view treatment settings" button has not been 

the "help" screens. The flow chart begins at step 480. In step touched, then the control routine continues to step 508. In 

480, the control routine displays a "help" screen, an example step 508, the control routine determines whether the "view 

of which is shown in FIG. 53, and continues to step 482. In pads" button has been touched on the touch screen. If, in step 

step 482, the control routine determines whether the "done" 30 508, the control routine determines that the "view pads" 

button has been touched on the touch screen. If, in step 482, button has been touched, then the control routine continues 

the control routine determines that the "done" button has to step 510. In step 510, the control routine displays a "view 

been touched, then the control routine continues to step 484 pads" screen, examples of which are shown in FIGS, 

where the control routine transfers control back to the 84-120, and continues to step 512. In step 512, the control 

control routine that called the help screens control routine of 35 routine determines whether the "prior screen" button has 

FIG. 18. If, however, in step 482, the control routine been touched. If, in step 512, the control routine determines 

determines that the "done" button has not been touched, then that the "prior screen" button has been touched, then the 

the control routine continues to step 486. control routine returns to step 500. If, however, in step 512, 

In step 486, the control routine determines whether the the control routine determines that the "prior screen" button 

"next" button has been touched on the touch screen. If, in 40 has not been touched, then the control routine returns to step 

step 486, the control routine determines that the "next" 510. 

button has been touched, then the control routine continues If, however, in step 508, the control routine determines 
to step 488. In step 488, the control routine displays a "help" that the "view pads" button has not been touched, then the 
screen, an example of which is shown in FIG. 54, and control routine continues to step 514. In step 514, the control 
continues to step 494. In step 494, the control routine 45 routine determines whether the "adjust screen contrast" 
determines whether the "done" button has been touched on button has been touched on the touch screen. If, in step 514, 
the touch screen. If, in step 494, the control routine deter- the control routine determines that the "adjust screen con- 
mines that the "done" button has been touched, then the trast" button has been touched, then the control routine 
control routine continues to step 496. In step 496, the control continues to step 516. In step 516, the control routine 
routine returns control to the control routine that called the 50 displays an "adjust screen contrast" display, an example of 
help screens control routine in FIG. 18. If, however, in step which is shown in FIG. 57 and continues to step 518. In step 
494, the control routine determines that the "done" button 518, the control routine determines whether one of the 
has not been touched, then the control routine continues to "more" or "less" buttons have been touched on the touch 
step 498. In step 498, the control routine determines whether screen. If one of the "more" or "less" buttons have been 
the "prior screen" button has been touched on the touch 55 touched on the touch screen, then the control routine con- 
screen. If, in step 498, the control routine determines that the tioues to step 520. In step 520, the control routine adjusts the 
"prior screen" button has been touched on the touch screen, screen contrast of the current display in accordance with the 
then the control routine- returns to step 480: If , however, in more or less request and returns to step 516. If, however, in 
step 498, the control routine determines that the "prior** step 518, the control routine determines that neither a 
button has not been touched, then the control routine returns 60 "more" or "less" button has been touched, then the control 
to step 488. routine continues to step 522. In step 522, the control routine 
If, however, in step 486, the control routine determines determines whether the "accept" button has been touched, 
that the "next" button has not been touched, then the control If, in step 522, the control routine determines that the 
routine continues to step 490. In step 490, the control routine "accept" button has been touched, then the control routine 
determines whether the "prior screen" button has been 65 continues to step 524. In step 524, the control routine sets the 
touched. If, in step 490, the control routine determines that contrast on all screens and returns to step 500. If, however, 
the "prior screen" button has been touched, then the control in step 522, the control routine determines that the "accept" 
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button has not been touched, then the control routine con- determines whether the "advanced options" button has been 

tinues to step 523. In step 523, the control routine determines touched. If, in step 550, the control routine determines that 

whether the "prior screen" button has been touched on the the "advanced options" button has been touched, then the 

touch screen. If, in step 523, the control routine determines control routine continues to step 552. In step 552, the control 

that the "prior screen" button has been touched, then the 5 routine executes the advanced options control routine 

control routine returns to step 500. If, however, in step 523, detailed in the flow chart of FIG. 32 and returns to step 542. 

the control routine determines that the "prior screen" button If, however, in step 550, the control routine determines that 

has not been touched, then the control routine returns to step the "advanced options" button has not been touched, then 

516. the control routine returns to step 542. 

If, in step 514, the control routine determines that the 10 If, in step 548, the control routine determines that the 

"adjust screen contrast" button has not been touched, then device is not at the start of a segment, then the control 

the control routine continues to step 528. In step 528, the routine continues to step 554. In step 554, the control routine 

control routine determines whether the "Treatment data, determines whether the "prior screen" button has been 

Advanced options" button has been touched. If, in step 528, touched. If, in step 554, the control routine determines that 

the control routine determines that the "Treatment data, 15 the "prior screen" button has been touched, then the control 

Advanced options" button has been touched, then the con- routine continues to step 556. In step 556, the control routine 

trol routine continues to step 530. In step 530, the control returns control of the device back to the control routine that 

routine executes the control routine outlined in the flow called the option sub screen control routine of FIG. 20. If, 

chart of FIG. 20, and returns to step 500. however, in step 554, the control routine determines that the 

If, however, in step 528, the control routine determines 2 o "P" 01 " screen" button has not been touched, then the control 

that the "Treatment data, Advanced options" button has not routine returns to step 542. 

been touched, then the control routine continues to step 532. FIG. 21 shows a flow chart that outlines the control 

In step 532, the control routine determines whether the routine for administering a shorter treatment. The flow chart 

device is at the start of a treatment segment. If, in step 532, starts at step 558 where the control routine displays a "take 

the control routine determines that the device is at the start 2 s shorter treatment" screen, an example of which is shown in 

of a segment, then the control routine continues to step 534. FIG. 59, and continues to step 560. In step 560, the control 

In step 534, the control routine determines whether the "take routine determines whether a number has been entered. If, in 

shorter treatment" button has been touched. If, in step 534, step 560, the control routine determines that a number has 

the control routine determines that the "take shorter treat- been entered, then the control routine continues to step 562. 

ment" button has been touched, then the control routine 30 In step 562, the control routine adds the entered number to 

continues to step 536. In step 536, the control routine the display and returns to step 558. If, however, in step 560, 

displays a take shorter treatment screen, an example of the control routine determines that a number has not been 

which is shown in FIG. 59, executes the control routine entered, then the control routine continues to step 564. In 

outlined in FIG. 21 and returns to step 500. If, however, in step 564, the control routine determines whether the "clear" 

step 534, the control routine determines that the "take 35 button has been touched on the touch screen. If, in step 564, 

shorter treatment" button has not been touched, then the the control routine determines that the "clear" button has 

control routine continues to step 538. been touched, then the control routine continues to step 566. 

If, in step 532, the control routine determines that the In step 566, the control routine clears the display of numbers 

device is not at the start of a treatment segment, then the and returns to step 558. If, however, in step 564, the control 

control routine continues to step 538. In step 538, the control 40 routine determines that the "dear" button has not been 

routine determines whether the "prior screen" button has touched, then the control routine continues to step 568. 

been touched. If, in step 538, the control routine determines In step 568, the control routine determines whether the 

that the "prior screen" button has been touched, then the "start" button has been touched. If, in step 568, the control 

control routine continues to step 540. In step 540, the control routine determines that the "start" button has been touched, 

routine returns control of the device to the control routine 45 then the control routine continues to step 570. In step 570, 

that called the option screen control routine of FIG. 19. If, the control routine determines whether a valid number has 

however, the control routine determines that the "prior been entered. If, in step 570, the control routine determines 

screen" button has not been touched, then the control routine that a valid number has been entered, then the control 

returns to step 500. routine continues to step 580. In step 580, the control routine 

FIG. 20 outlines the control routine of the option sub 50 returns to step 454 of FIG. 17. If, however, in step 570, the 

screens of the exemplary device. The flow chart starts at step control routine determines that a valid number has not been 

542 where the control routine displays a "treatment plan entered, then the control routine continues to step 572. In 

data" screen, an example of which is shown in FIG. 58 and step 572, the control routine displays an "invalid entry" 

continues to step 544. In step 544, the control routine screen, an example of which is shown in FIG. 44, and 

determines whether one of the "segment" buttons has been 55 continues to step 574. In step 574, the control routine 

touched on the touch screen. If, in step 544, the control determines whether the "retry" button has been touched on 

routine determines that one of the "segment" buttons have the touch screen. If, in step 554, the control routine deter- 

been touched, raen^ crmtrorroirh^ mmes that the "retry" button has been touched, then the 

In step 546, the control routine updates the display to show control routine returns to step 558. If, however, in step 574, 

the selected segment data and returns to step 542. If, 60 the control routine determines that the "retry" button has not 

however, in step 544, the control routine determines that been touched, then the control routine returns to step 572. 

none of the "segment" buttons have been touched, then the If, however, in step 568, the control routine determines 

control routine continues to step 548. In step 548, the control that the "start" button has not been touched, then the control 

routine determines whether the device is at the start of a routine continues to step 576. In step 576, the control routine 

segment. If, in step 548, the control routine determines that 65 determines whether the "prior screen" button has been 

the device is at the start of a segment, then the control touched. If, in step 576, the control routine determines mat 

routine continues to step 550. In step 550, the control routine the "prior screen" button has been touched, then the control 
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routine continues to step 578. In step 578, the control routine routine returns to step 584. If, however, in step, S604, the 

returns control of the device back to the control routine that control routine determines that the chancel intensity does 

called the running state control routine shown in FIG. 21. If, not equal the channel intensity before the pause, then the 

however, in step 576, the control routine determines that the control routine returns to step 598. 

"prior screen" button has not been touched, then the control 5 , f however> m ^ s96> me mntIol routine determmes 

r ° U il° e " tUnlS ' 0St ? S5 ? ,. u , • , that the "resume" button has not been touched, then the 

FIG. 22 is a flow chart that outlines the control routine for CQmo{ routine eoa6ma to ste 606 In ^ ^6, the control 

the running state of the device. The flow chart starts at step rou(ine determines whether ten minutes have ela ^. If> m 

582 where the control routine accumulates segment usage m6 ^ routjae determines mat ten minutes 

data, such as time used, maximum intensity average 10 have not elapsed, then the control routine returns to step 594. 

intensity, and continues to step 584. In step 584, the control , fj baweyely the roudn6 determines fe, ten minutes 

routine determmes whether an intensity key (an up or down have d ^ men ^ routine remrns tQ ^ 

button) has been touched on the touch screen. If, in step 584, „ , . mM t , 

the control routine determines that an intensity key has been u If > ^T^™ 592 ' ? e °° Dtr °? TT* A * eTmm * s , 

touched, then the control routine continues to step 586. In 1S mal the P ause ke y has JJ? b , eea to ^ ed ; *** the , con, . ^0, 

step 586, the control routine changes the intensity setting in routine continues to step 608. In step 608, the control routine 

accordance with the intensity key and returns to step 584. If, determmes whether the Options' button has been touched 

however, in step 584, the control routine determines that an ^ m st f P «*• the co ° tr ° 1 ™ utm ° determines that "Options 

intensity key has not been touched, then the control routine button touch * d " lh ? a thc c0 » tro1 routme 

continues to step 588. In step 588, the control routine M to ste P 610 In ? 10 > me « 5 ° t '° 1 ™ utme executes the 

determines whether an open or a short is detected. If, in step °j* lons ««« 00,1,101 routule of nG - 19 80(1 retums t0 
588, the control routine determines that an open or a short 

has been detected, then the control routine continues to step If > however, in step 608, the control routine determines 

590. In step 55*0, the control routine displays a "show "Options*' button has not been touched, then the 

problem screen," an example of which is shown in FIG. 153, 25 control routine continues to step 612. In step 612, the control 

and continues to step 591. In step 591, the control routine routine determines whether the "Help" button has been 

determines whether the "Continue treatment" button has touched on the touch screen. If, in step 612, the control 

been touched on the touch screen. If, in step 591, the control routine determines that the "Help" button has been touched, 

routine determines that the "Continue treatment" button has then the control routine continues to step 614. In step 614, 

been touched on the touch screen, then the control routine 30 me control routine executes the control routine detailed in 

returns to step 584. If, however, in step 591, the control me flow chart of FIG 18 ^ returns to step 584. 

routine determines that the "Continue treatment" button has If, however, in step 612, the control routine determines 

not been touched on the touch screen, then the control that the "Help" button has not been touched, then the control 

routine returns to step 590. routine continues to step 616. In step 616, the control routine 

If, however, in step 588, the control routine determines 35 updates the segment clock information and continues to step 

that an open or short has not been detected, then the control 618 In s^p 618 the control routine determines whether a 

routine continues to step 592. In step 592, the control routine clock error exists. If, in step 618, the control routine deter- 

determines whether the "pause" button has been touched on mines that a clock error exists, then the control routine 

the touch screen. If, in step 592, the control routine deter- continues to step 620. In step 620, the control routine logs 

mines that the "pause" button has been touched, then the 40 error ^ xts tne state of the device to "error," executes the 

control routine continues to step 594. In step 594, the control flow outlined in FIG. 28 and continues to step 622. In 

routine displays a corresponding treatment on a "pause" step 622, the control routine returns control of the device 

display, examples of which are shown in FIGS. 60-63, and back to ih& control routine that called the running state 

continues to step 596. In step 596, the control routine control routine of the flow chart of FIG. 22. If, however, in 

determines whether the "resume" button has been touched 45 &te P * 18 > the control routine determines that no clock error 

on the touch screen. If, in step 596, the control routine exists, men the control routme continues to step 624. In step 

determines that the "resume" button has been touched, then me control routine executes device specific tasks, 

the control routine continues to step 598. examples of which are shown in FIGS. 23 and 24, as 

In step 598, the control routine displays a "resuming detennined in step 452 of FIG. 17. 

treatment" screen, examples of which are shown in FIGS. 50 KG. 23 outlines a control routine for an exemplary pulsed 

64-67, and continues to step 600. In step 600, the control muscle stimulation task in accordance with this invention, 

routine ramps the intensities of the output on each of the The control routine starts at step 626 where the control 

channels back to the intensity prior to the pause and con- routine sets the control modes to one of normal and alternate 

tinues to step 602. In step 602, the control routine determines and continues to step 628. In step 628, the control routine 

whether the "stop automatic increase, manually increase 55 generates pulses and continues to step 630. In step 630, the 

intensities" button has been touched. If; in step 602, the control routine provides ramping to the pulses and continues 

control routine determines that the "stop automatic increase, to step 632. In step 632, the control routine limits the 

manual increase intensities" button has been touched, then increases in the intensity due to a user's touch on an increase • 

the control routine sets the intensity at the current intensity key on the touch screen to prevent inadvertent inverses of 

and returns to step 584. If, however, in step 602, the control 60 the pulses and continues to step 633. In step 633, the control 

routine determines that the "stop automatic increase, manual routine returns control of the device to the control routine 

increase intensities" button has not been touched, then the that called the pulsed muscle stimulation treatment control 

control routine continues to step 604. In step 604, the control routine of FIG. 23 

routine determines whether the channel intensity equals the FIG. 24 shows a flow chart that outlines an exemplary 

channel intensity prior to the pause. If, in step 604, the 65 control routine for an interferential device task in accor- 

control routine determines that the channel intensity equals dance with this invention. The control routine starts at step 

the channel intensity prior to the pause then the control 634 where the control routine sets the control mode to one 
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of a variable and continuous mode and continues to step 636. the control routine returns control of the device to the control 

In step 636, the control routine generates sine waves and routine that called the off state control routine outlined in 

continues to step 638. In step 638, the control routine FIG. 26. 

controls two pad mixing by premixing interferential signals If however, in step 662, the control routine determines 

and continues to step 640. In step 640 the control routine 5 ^ , he current ^ not "n^ng ," then the control 

controls the frequency modulation and continues to step routine continues t0 step 676. In step 676, the control routine 

642 In step 642, the contro routine controls uie amplitude ^ „ on/off bmm d „ aQ e le of 

modulation and continues to step 643 .where the ^con trol na69 ^continues to step 678. In step 

routine returns to the control routine that called the inter- determines whether the "continue" 

ferential treatment control routine of FIG. 24. 10 button has been touched on the touch screen. If, in step 678, 

FIG. 25 shows a flow chart that outlines a control routine ^ routine determincs tQat ^ button has 

for a "segment end state in accordance with the present been touched> ^ ^ roulinc to step 680. 

invention. The control routine starts at step 644 where the ^ m tbe con[ro , routiDe shows a « rcsuming treatment 

control routine increments the segment counter and contm- ^ examples of which are shown in FIGS. 63-67, and 

ues to step 646. In step 646, the control routme calculates the 15 to 66g ^ k step 6?g> me 

segment results and continues to step 648. In step 648, the routine that me ^t^e" button has not been 

control routine stores the results intemaUy and continues to touched then (he contK)1 routine conlinues to ^ 682. In 

step 650. In step 650 the control routine determines whether 6g2 ^ foutine detemines whether the « ofir 

this is the last segment. If, in step 650, the control routine buHon has ^ touched QQ me ^ If fa step gg^ 

determines that this is the last segment, then the control 20 me conteol routme determmes that me W button has been 

routine continues to step 652. In step 652, the control routine ^ ^ contro , routinc continues to s , 684 In 

displays the "treatment completed screen, an example of 6g4 ^ routin6 ^ ^ ^ rf m<J device to 

which >s shown m FIG. 127, and continues to step 654. fa u^^. md to s, ep m . i n ^ 6g 6> the control 

step 654, the control routine sets the state of the device to retums 0,0^1 of me device to the control routine 

"stopped" and continues to step 655 Instep 655, the control 2S ^ caUed ^ Qff ^ routine of ^ 26 

routine determines whether the OK button has been . 

touched on the touch screen. If, in step 655, the control fc * u h ° we £r in step 682 *e control routae determmes 

routine determines that the "OK" button has been touched, •«•»» thc button has ™' been touched, then the control 

then the control routine continues to step 656. In step 656, routine continues to step 688. In step 688, the control rouhne 

the control routine retums control of the device to tbe control 3,, determmes whether one minute has elapsed. If, in step 688 

routine that called the segment end state control routine of ** «f">l rouhne **ermmes that one minute has not 

FIG. 25. If, however, in step 655, tbe control routine ^*P**> then the control routine retums to step 678 

determines that the "OK" button has not been touched, then However - * M «M" <» ntrol determmes that 

the control routine returns to step 655. one mmute has elapsed 106,1 ^ COntK>1 rouUne shuts down 

the device 

If, however, in step 650, the control routine determines 35 * . 

that this is not the last segment, then the control routine FIG. 27 outlines a "stopped" state control routine in 

continues to step 658. In step 658, the control routine sets the accordance with an exemplary embodiment of the present 

state of the device to "start segment," and continues to step invention. The control routine starts at step 690 where the 

660. In step 660, the control routine returns control of the control routine writes the treatment data to the data card 30 

device to me control routine that called the segment end state 40 and continues to step 692. In step 692, the control routine 

control routine outlined in the flow chart of FIG. 25. displays a "how to recharge battery" screen, an example of 

FIG. 26 shows a flow chart that outlines the control ^iich is shown inFIG. 41, and continues to step694. Instep 

routine for an "off" state in accordance with an exemplary * e control routine returns control of the device to the 

embodiment of the invention. The control routine starts at ™? ™ e that ^ed the stopped state control routine 

step 662 where the control routine determines whether the 45 

current state is "running". If, in step 662, the control routine FIG. 28, outlines an "error state control routine. The 

determines that the current state is "running", then the control routine starts at step 696 where the control routine 

control routine continues to step 664. In step 664, the control determines whether a prior error exists. If, in step 696, the 

routine sets the state of the device to "stopped" ™ d control routine determines that a prior error exists, then the 

tinues to step 668. In step 668, the control routine displays 50 control routine continues to step 698. In step 698, the control 

a "resuming treatment" display, an example of which is routine records the prior error and continues to step 700. In 

shown in FIGS. 64-67, ramps the intensities to the previ- step 700, the control routine logs the error and continues to 

ously set intensities for the outputs and continues to step step 702. In step 702, the control routine displays a "problem 

$70 detected" screen, an example of which is shown in FIG . 148, 

In step 670, the control routine determines whether the 55 and continues to step 704. In step 704, the control routine 

"stop automatic increase, manually increase intensities" beeps three times and continues to step 706. 

button has been touched on the touch screen. If, in step 670, At step 706, the control routine determines whether two 

the controb'rDUtirjr d cteimiuc s fat the "stop automatic minutes have elapsed. If, in step 706 the control routine 

increase, manually increase intensities" button has been determines that two minutes have elapsed, then the control 

touched, then the control routine continues to step 671. In 60 routine shuts down the device. The system restarts and if the 
step 671, the control routine stops the automatic ramping of control routine encounters the same error three consecutive 

the output intensities and continues to step 672. If, however, times, then the device is shut down and cannot be restarted, 

in step 670 the control routine determines that the "stop If, however, in step 706, the control routine determines that 

automatic increase, manually increase intensities" button two minutes have not elapsed, then the control routine 

has not been touched, then the control routine continues to 65 returns to step 696. If, however, in step 696, the control 

step 672. In step 672, the control routine sets the state of the routine determines that no prior error has been recorded, 

device to "running," and continues to step 674. In step 674, then the control routine continues to step 700. 
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FIG. 29 outlines a "low battery" state control routine of an 
exemplary embodiment in accordance with the present 
invention. The control routine starts at step 708, where the 
control routine determines whether the current state is 
"running." If, in step 708, the control routine determines that 
the current state is "running," then the control routine 
continues to step 710. In step 710, the control routine 
calculates the segment results and continues to step 712. In 
step 712, the control routine stores the results and continues 
to step 714. If, however, in step 708, the control routine 
determines that the current state is not "running," then the 
control routine continues to step 714. In step 714, the control 
routine displays a "battery empty" screen, an example of 
which is shown in FIG. 70, and continues to step 716. 

In step 716, the control routine determines whether the 
"recharge" button has been touched on the touch screen. If, 
in step 716, the control routine determines that the 
"recharge" button has been touched, then the control routine 
continues to step 717. In step 717, the control routine 
displays a "how to recharge battery" screen, an example of 
which is shown in FIG. 41, and continues to step 718. If, 
however, in step 716, the control routine determines that the 
"recharge" button has not been touched, then the control 
routine continues to step 718. In step 718, the control routine 
determines whether two minutes have elapsed. If, in step 
718, the control routine determines that two minutes have 
not elapsed, then the control routine continues to step 719. 
In step 719, the control routine returns to the control routine 
that calls the control routine of FIG. 29. If, however, in step 
718, the control routine determines that two minutes have 
elapsed, then the control routine continues to step 720. In 
step 720, the control routine shuts down the device. 

FIG. 30 outlines the "charging" state control routine of an 
exemplary embodiment in accordance with the present 
invention. The control routine starts at step 722 where the 
control routine determines whether the charger voltage is 
acceptable. If, in step 722, the control routine determines 
that the charger voltage is not acceptable, then the control 
routine continues to step 724. In step 724, the control routine 
displays a "recharging alert" display, an example of which is 
shown in FIG. 71, and returns to step 722. If, however, in 
step 722, the control routine determines that the charger 
voltage is acceptable, then the control routine continues to 
step 728. 

In step 728, the control routine determines whether the 
battery temperature is acceptable. If, in step 728, the control 
routine determines that the battery temperature is not 
acceptable, then the control routine continues to step 730. In 
step 730, the control routine displays a "recharging alert** 
display, an example of which is shown in FIG. 72 and 
returns to step 722. If, however, in step 728, the control 
routine determines that the battery temperature is 
acceptable, then the control routine continues to step 734. In 
step 734, the control routine determines whether the battery 
is fully charged. If, in step 734, the control routine deter- 
mines that the battery is fully charged, then the control 
routine continues to step 736. In step 736, the control routine 
displays a "battery -fully charged 2 * screen; a» example- of 
which is shown in FIG. 73, and continues to step 738. In step 
738, the control routine returns control to the control routine 
that called the charging state control routine outlined in the 
flow chart of FIG. 30. If, however, in step 734, the control 
routine determines that the battery is not fully charged, then 
the control routine continues to S740. 

In step 740, the control routine shows a "battery recharg- 
ing" screen, an example of which is shown in FIG. 74, and 
continues to step 742. In step 742, the control routine 
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controls the charging current being supplied to the battery 
and continues to step 743. In step 743, the control routine 
determines whether the battery is fully charged. If, in step 
743, the control routine determines that the battery is fully 

5 charged then the control routine continues to step 745. In 
step 745, the control routine displays a "Battery fully 
charged" screen, an example of which is shown in FIG. 73, 
and continues to step 747. In step 747, the control routine 
returns control of the device to the control routine that called 

to the charging state control routine of FIG. 30. 

If, however, in step 743, the control routine determines 
that the battery is not fully charged then the control routine 
continues to step 744. In step 744, the control routine 
determines whether the battery charge is enough for a fall 

15 treatment. If, in step 744, the control routine determines that 
the battery has enough charge for a fall treatment, then the 
control routine continues to step 746, In step 746, the control 
routine displays a message on the display that the treatment 
may be started and returns to step 740. If, however, in step 

20 744, the control routine determines that the battery is not 
charged enough for a full treatment, then the control routine 
returns to step 740. 

FIG. 31 outlines the "maintenance" state control routine 
of an exemplary embodiment of the present invention. The 

25 control routine starts at step 749 where the control routine 
displays a maintenance mode display, an example of which 
is shown in FIG. 154 and continues to step 750. In step 750, 
the control routine determines whether a command has been 
received. If, in step 750, the control routine determines that 

30 a command has not been received, then the control routine 
continues to step 752. In step 752, the control routine returns 
control to the control routine that called the maintenance 
state control routine outlined in FIG. 31. If, however, in step 
750, the control routine determines that a command has been 

35 received, then the control routine continues to step 754. 
In step 754, the control routine determines whether a valid 
command has been entered. If, in step 754, the control 
routine determines that a valid command has not been 

^ entered, then the control routine continues to step 756. In 
step 756, the control routine returns an error string and 
continues to step 758. In S758, control of the device returns 
to the control routine that called the maintenance state 
control routine of FIG. 31. If, however, in step 754, the 

45 control routine determines that a valid command has been 
received, then the control routine continues to step 760. In 
step 760, the control routine processes the command and 
continues to step 762. In step 762, the control routine returns 
control of the device to the control routine that called the 

5Q maintenance state control routine outlined in FIG. 31. 

FIG. 32 shows a flow chart that outlines an advanced 
options control routine of an exemplary embodiment in 
accordance with the present invention. The control routine 
starts at step 764 where the control routine displays an 

55 "advanced options" display, an example of which is shown 
in FIG. 149, and continues to S766. In step 766, the control 
routine determines whether a number has been entered. If, in 
step 766, the control routine determines that a number has 
been entered, then the control routine continues to step 768. 

60 In step 768, the control routine adds the entered number to 
the display and returns to step 764. If, however, in step 766, 
the control routine determines that a number has not been 
entered, then it continues to step 770. 

In step 770, the control routine determines whether a 

65 "clear** button has been touched. If, in step 770, the control 
routine determines that a "clear 5 ' button has been touched, 
then the control routine continues to step 772. In step 772, 
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the control routine clears the number display and returns to of FIG. 39 and continues to step 799. In step 799, the control 

step 764. If, however, in step 770 the control routine routine returns control of the device to the control routine 

determines that a "clear" button has not been touched on the that called the advanced options control routine of FIG. 32. 

touch screen, then the control routine continues to step 774. If, however, in step 796 the control routine determines that 

In step 774, the control routine determines whether an 5 the "setup mini treatment" button has not been touched, then 

"accept" button has been touched on the touch screen. If, in the control routine continues to step 800. In step 800, the 

step 774, the control routine determines that the "accept" control routine determines whether the "start treatment" 

button has not been touched, then the control routine con- button has been touched on the touch screen. If, in step 800, 

tinues to step 782. the control routine determines that the "start treatment" 

In step 782, the control routine determines whether a 1Q button has been touched, then the control routine continues 

"prior screen" button has been touched on the touch screen. to step 802. In step 802, the control routine sets the state of 

If, in step 782, the control routine determines that the "prior the device to "start segment" and transfers control of the 

screen" button has been touched, then the control routine device to the control routine outlined in the flow chart of 

continues to step 784. In step 784, the control routine returns mG i<; anc j continues to step 803. In step 803, the control 

to the control routine that called the advanced options ^ routine returns control of the device to the control routine 

control routine of the flow chart of FIG. 32. thal ^ advaD ced options control routine of FIG. 32. 

If, however, in step 774, the control routine determines , f however> m step goo, the contro i routine determines that 

that an "accept" button has been touched, then the control ^ « start treatment" button has not been touched, then the 

routine continues to step 776. In step 776, the control routine COQtrol f0Utinc returQS tQ m 
determines whether a vahd code has been enteredjf; m step 

776, the control routine determines that a vahd code has not 20 1VJ * ~\ a ^ , 

been entered, then the control routine continues to step 778. P hn control routine of an exemplary embodiment 

In step 778, the control routine displays an "alert-invalid of devicc m accordance with the present mvention. The 

entry" screen, an example of which is shown in FIG. 44, and co ^° l routine starts at step 804 where the control routine 

continues to step 780. In step 780, the control routine displays a "Select Treatment Plan— Select Type of Pain" 

determines whether the "retry" button has been touched on 25 screen, an example of which is shown in FIG. 76, and 

the touch screen. If, in step 780, the control routine deter- continues to step 805. In step 805, the control routine 

mines that the "retry" button has been touched, then the determines whether one of the "acute pain," "sub-acute 

control routine returns to step 764. If, however, in S780, the pain," "hyper sensitive acute pain" and "chronic pain" 

control routine determines that the "retry" button has not buttons have been touched on the touch screen. If, in step 

been touched, then the control routine returns to step 780. 30 805, the control routine determines that none of these four 

If, however, in step 776 the control routine determines buttons have been touched, then the control routine contin- 

that a valid code has been entered, then the control routine ues to step 807. In step 807, the control routine determines 

continues to step 786. In step 786, the control routine whether the "Prior screen" button on the touch screen has 

displays an "advanced options" screen, an example of which been touched. If, in step 807, the control routine determines 

is shown in FIG. 75, and continues to step 788. In step 788, 35 that the "Prior screen" button has been touched, then the 

the control routine determines whether the "select, create control routine returns to step 804. If, however, in step 807, 

treatment plan" button on the touch screen has been touched. the control routine determines that the "Prior screen" button 

If, in step 788, the control routine determines that the has not been touched, then the control routine returns to step 

"select, create treatment plan" button has been touched, then 805. 

the control routine continues to step 790. In step 790, the 40 If, however, in step 805, the control routine determines 

control routine transfers control to the control routine out- that one of those four buttons has been touched, then the 

lined in the flow chart of FIG. 33 and continues to step 791. control routine continues to step 809. In step 809, the control 

In step 791, the control routine returns control of the device routine displays a "Select Treatment Plan— Select one other 

to the control routine that called the advanced options indication" display, an example of which is shown in FIG. 

control routine of FIG. 32. If, however, in step 788, the 4s 77 and continues to step 811. In step 811, the control routine 

control routine determines that the "select, create treatment determines whether one of the "muscle spasms," "increase 

plan" button has not been touched, then the control routine blood flood," "disuse atrophy," "re-educate muscle," "range 

continues to step 792. In step 792, the control routine and motion," and "venous thrombosis" buttons or the 

determines whether the "adjust treatment settings" button "none" button is touched. If, in step 811, the control routine 

has been touched on the touch screen. If, in step 792, the 50 determines that any of those buttons has been touched, then 

control routine determines that the "adjust treatment set- the control routine continues to step 806. If, however, the 

tings" button has been touched, then the control routine controi routine determines that none of those buttons has 

continues to step 794. In step 794, the control routine been touched, then the control routine continues to step 813. 

transfers control to the control routine outlined in the flow In step 813, the control routine determines if the "Prior 

chart of FIG. 35 and continues to step 795. In step 795, the 55 screen" button has been touched. If, in step 813, the control 

control routine returns control of the device to the control routine determines that the "Prior screen" button has been 

routine that called the advanced options control routine of touched then the control routine returns to step 804. If, 

FIG. 32. If;- however,- in- step- 792, the controi routine however, in step 813, the control routine determines that the 

determines that the "adjust treatment settings" button has not prior screen button has not been touched then the control 

been touched, then the control routine continues to step 796. 60 routine returns to step 809. 

In step 796, the control routine determines whether the In step 806, the control routine determines the area of pain 

"setup mini treatment" button has been touched on the touch that is to be treated by sequentially displaying appropriate 

screen. If, in step 796, the control routine determines that the body part displays, examples of which are shown in FIGS, 

"setup mini treatment" button has been touched, then the 78-82 and 155, and requesting and receiving indications 

control routine continues to step 798. 65 from the user. The control routine then continues to step 808. 

In step 798, the control routine transfers control of the In step 808, the control routine determines if there is a 

device to the control routine that is outlined in the flow chart special question that the device needs to have answered to 
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further determine correct pad placement. If, in step 808, the 
control routine has a special question, then the control 
routine continues to step 810. In step 810, the control routine 
displays a "Select Treatment Plan — Answer question" 
screen, an example of which is shown in FIG. 83, and 5 
continues to step 812. In step 812, the control routine 
receives the user's response to the special question and 
continues to step 814. If, however, at step 808, the control 
routine determines that the device does not have a special 
question, then the control routine continues to step 814. Q 

In step 814, the control routine displays one of the 
appropriate view pad screens, examples of which are shown 
in FIGS. 84-120, and continues to step 816. In step 816, the 
control routine displays a "Select Treatment Plan — Select 
frequency of treatment** screen, an example of which is 15 
shown in FIG. 121, receives the user selected frequency of 
treatment and continues to step 818. In step 818, the control 
routine determines an appropriate treatment plan based upon 
the pain indication, other indications and pad placement and 
continues to step 820. In step 820, the control routine 2 q 
displays a "Select Treatment Plan — Review plan'* screen, an 
example of which is shown in FIG. 122, and continues to 
step 822. In step 822, the control routine transfers control of 
the device to the control routine outlined in the flow chart 
shown in FIG. 34 and continues to step 823. In step 823, the 25 
control routine returns control of the device to the control 
routine that called the select treatment plan control routine 
of FIG. 33. 

FIG. 34 shows a flow chart that outlines the show treat- 
ment plan control routine in accordance with an exemplary 30 
embodiment of the invention. The control routine starts at 
step 824 where the control routine displays a "Select Treat- 
ment Plan — Review plan" screen, an example of which is 
shown in FIG. 122, and continues to step 826. In step 826, 
the control routine determines whether the "Accept** button 35 
on the touch screen has been touched. If, in step 826, the 
control routine determines that the "Accept" button has been 
touched, then the control routine continues to step 828. In 
step 828, the control routine returns control of the device to 
the control routine that called the show treatment plan 40 
control routine of FIG. 34. If, however, in step 826, the 
control routine determines that the "Accept" button has not 
been touched, then the control routine continues to step 830. 

In step 830, the control routine determines whether the 
"Adjust Plan" button has been touched. If, in step 830, the 45 
control routine determines that the "Adjust Plan" button has 
been touched, then the control routine continues to step 832. 
In step 832, the control routine transfers control of the 
device to the control routine outlined in the flow chart of 
FIG. 35 and returns to step 824. If, however, in step 830, the 50 
control routine determines that the "Adjust Plan" button has 
not been touched, then the control routine continues to step 
834. In step 834, the control routine determines whether the 
"Create Plan" button has been touched on the touch screen. 
If, in step 834, the control routine determines that the 55 
"Create Plan" button has been touched, then the control 
routine continues to step 836. In step 836, the control routine 
transfers control of the device- to* me-create treatment plan - 
control routine that is outlined in the flow chart of FIG. 38 
and returns to step 824. If, however, in step 834, the control eo 
routine determines that the "Create Plan" button has not 
been touched, then the control routine continues to step 838. 

If, in step 838, the control routine determines that the 
"View pads** button has been touched, then the control 
routine continues to step 840. In step 840, the control routine 65 
displays a "View pads" screen, examples of which are 
shown in FIGS. 84-120, and returns to step 824. If, however, 
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the control routine determines that the "View pads" button 
has not been touched, then the control routine continues to 
step 842. In step 842, the control routine determines if one 
minute has elapsed. If, in step 842, the control routine 
determines that one minute has not elapsed, then the control 
routine returns to step 824. If, however, the control routine 
determines in step 842 that one minute has elapsed, then the 
control routine shuts down the device. 

FIG. 35 shows a flowchart that oudines an adjust treat- 
ment plan control routine. The control routine starts at step 
844 where the control routine either displays an "adjust 
treatment settings'* screen, an example of which is shown in 
FIG. 123, or a "create treatment plan" screen, an example of 
which is shown in FIG. 124, as appropriate, and continues 
to step 846. In step 846, the control routine determines 
whether the segment is being changed based upon whether 
a segment button on the touch screen is touched. If, in step 
846, the control routine determines that the segment is being 
changed, then the control routine continues to step 848. In 
step 848, the control routine shows the requested segment 
and returns to step 846. If, however, in step 846 the control 
routine determines that the segment is not being changed, 
then the control routine continues to step 850. 

In step 850, the control routine determines whether the 
"Adjust" button on the touch screen has been touched. If, in 
step 850, the control routine determines that the "Adjust** 
button has been touched, then the control routine continues 
to step 852. In step 852, the control routine transfers control 
of the device to the control routine outlined in the flow chart 
of FIG. 36 and returns to step 844. If, however, the control 
routine determines that the "Adjust** button has not been 
touched, then the control routine continues to step 854. In 
step 854, the control routine determines whether the "Done" 
button has been touched. If, in step 854, the control routine 
determines that the "Done" button has been touched, then 
the control routine continues to step 856. In step 856, the 
control routine returns to the control routine that called the 
adjust treatment plan control routine of FIG. 35. If, however, 
in step 854, the control routine determines that the "Done" 
button has not been touched, then the control routine con- 
tinues to step 855. 

In step 855, the control routine determines whether the 
"Prior screen** button has been touched. If, in step 855, the 
control routine determines that the "Prior screen" button has 
been touched, then the control routine returns control of the 
device to the control routine that called the adjust treatment 
plan control routine outlined in the flow chart of FIG. 35. If, 
however, in step 855, the control routine determines that the 
"Prior screen" button has not been touched, then control 
routine returns to step 846. 

FIG. 36 shows a flow chart that outlines the adjust 
segment option control routine of an exemplary embodiment 
of the present invention. The control routine starts at step 
858 where the control routine displays an "adjust treatment 
settings" screen, examples of which are shown in FIGS. 
125-126, and continues to step 860. In step 860, the control 
routine determines whether the user has touched one of the 
"Adjust" buttons on the touch screen. If, in step 860, the 
control routine determines that the user has touched one o-f 
the "Adjust" buttons, then the control routine continues to 
step 862. In step 862, the control routine transfers control of 
the device to the adjust settings control routine outlined in 
the flow chart of FIG. 37 and returns to step 858. If, 
however, in step 860, the control routine determines that the 
"Adjust" buttons have not been touched, then the control 
routine continues to step 864. 

In step 864, the control routine determines whether the 
"Accept" button has been touched on the touch screen. If, in 



04/20/2003, EAST Version: 1.03.0002 



US 6,393,328 Bl 
29 30 

step 864, the control routine determines that the "Accept" "Alert — invalid entry" screen, an example of which is 

button has not been touched, then the control routine con- shown in FIG. 151 and continues to step 892. In step 892, 

tinues to step 865. In step 865, the control routine determines the control routine determines whether the "Retry" button 

whether the "Prior screen" button has been touched on the has been touched on the touch screen. If, in step 892, the 

touch screen. If, in step 865, the control routine determines 5 control routine determines that the " Retry " button has not 

that the "Prior screen" button has been touched on the touch been touched, then the control routine returns to step 890. If, 

screen then the control routine continues to step 866. If, however, in step 892, the control routine determines that the 

however, in step 865, the control routine determines that the "Retry" button has been touched, then the control routine 

"Prior screen" button has not been touched, then the control returns to step 868. 

routine returns to step 860. If, however, in step 864, the 1Q FIG. 38 shows a flow chart that outlines a create treatment 

control routine determines that the "Accept" button has been plan of an exemplary embodiment in accordance with the 

touched, then the control routine continues to step 866. In present invention. The control routine starts at step 894 

step 866, the control routine returns control of the device to where the control routine displays a "Create Treatment 

the control routine that called the adjust segment option Plan — Select number of segments in Plan" screen, an 

control routine of FIG. 36. 15 example of which is shown in FIG. 135, receives a user input 

FIG. 37 shows a flow chart that outlines the adjust settings selection for a number of segments in the plan and continues 

option control routine in accordance with the exemplary to step 896. In step 896, the control routine displays a 

embodiment of the present invention. The control routine "Create Treatment Plan — Select treatment type for segment 

starts at step 868 where the control routine displays an 1" screen, an example of which is shown in FIG. 136, 

"Adjust treatment settings" screen, examples of which are 20 receives the selected treatment type from the user and 

shown in FIGS. 127-134, and continues to step 870. In step continues to step 898. In step 898, the control routine 

870, the control routine determines whether a setting has determines the type default settings and continues to step 

been selected by a user. If, in step 870, the control routine 900. 

determines that a setting has been selected, then the control In step 900, the control routine displays a "Create Treat- 
routine continues to step 872. In step 872, the control routine 25 ment Plan" screen, examples of which are shown in FIGS, 
sets the selected setting and returns to step 868. 137 and 138, and continues to step 902. In step 902, the 

If, however, in step 870, the control routine determines control routine determines whether an "Adjust" button has 

that a setting has not been selected, then the control routine been touched on the touch screen. If , in step 902, the control 

continues to step 874. In step 874, the control routine routine determines that an "Adjust" button has been 

determines whether a setting has been entered. If, in step 30 touched, then the control routine continues to step 904. In 

874, the control routine determines that a setting has not step 904, the control routine transfers control of the device 

been entered, then the control routine returns to step 868. If, to the control routine that is outlined in FIG. 37 and returns 

however, in step 874, the control routine determines that a to step 900. If, however, in step 902, the control routine 

setting has been entered, then the control routine continues determines that an "Adjust" button has not been touched, 

to step 876. In step 876, the control routine determines 3S then the control routine continues to step 908. In step 908, 

whether a number has been entered. If, in step 876, the the control routine determines whether an "Accept" button 

control routine determines that a number has been entered, has been touched on the touch screen. If, in step 908, the 

then the control routine continues to step 878. In step 878, control routine determines that the "Accept" button has not 

the control routine adds the entered number to the display been touched, then the control routine continues to step 909. 
and returns to step 868. If, however, in step 876, the control 40 In step 909, the control routine determines whether the 

routine determines that a number has not been entered, then "Prior screen" button has been touched. If, in step 909, the 

the control routine continues to step 880. control routine determines that the "Prior screen" button has 

In step 880, the control routine determines whether the been touched, then the control routine returns to step 896. If, 

"clear" button has been touched on the touch screen. If, in however, in step 909 the control routine determines that the 

step 880, the control routine determines that the "clear" 4s "Prior screen" button has not been touched, then the control 

button has been touched, then the control routine continues routine returns to step 902. If, however, in step 908, the 

to step 882. In step 882, the control routine clears the control routine determines that the "Accept" button has been 

number from the display and returns to step 868. If, touched, then the control routine continues to step 906. In 

however, in step 880, the control routine determines that the step 906, the control routine determines whether the current 

"clear" button has not been touched on the touch screen, 50 segment is the last segment in the treatment plan. If, in step 

then the control routine continues to step 884. In step 884, 906, the control routine determines that this is not the last 

the control routine determines whether the "enter" button segment in the treatment plan, then the control routine 

has been touched on the touch screen. If, in step 884, the returns to step 896. If, however, in step 906, the control 

control routine determines that the "enter" button has not routine determines that this is the last segment in the 

been touched, then the control routine returns to step 868. If, 55 treatment plan, then the control routine continues to step 

however, in step 884, the control routine determines that the 910. 

"enter" button has been touched on the touch screen, then In step 910, the control routine displays a "Create Treat- 

the control routine continues to step-886rln step 886, the ment Plan — Review pad layout" screen, an example of" 

control routine determines whether the entry is valid. If, in which is shown in FIG. 150 and continues to step 912. In 

step 886, the control routine determines that the entry is 60 step 912, the control routine determines whether the 

valid, then the control routine continues to step 888. In step "Accept" button has been touched on the touch screen. If, in 

888, the control routine returns control of the device to the step 912, the control routine determines that the "Accept" 

control routine that called the adjust settings option control button has been touched on the touch screen, then the control 

routine of FIG. 37. routine continues to step 914. In step 914, the control routine 

If, however, in step 886, the control routine determines 65 shows a "Create Treatment Plan" screen, an example which 

that the entry is not valid, then the control routine continues is shown in FIG. 124, and continues to step 918. If, however, 

to step 890. In step 890, the control routine displays an in step 912, the control routine determines that the "Accept" 
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button has not been touched, then the control routine con- screen, then the control routine continues to step 944. In step 

tinues to step 916. In step 916, the control routine determines 944, the control routine transfers control of the device to the 

whether the "No pads screen" button has been touched on control routine outlined in the flow chart of FIG. 37 and 

the touch screen. If, in step 916, the control routine deter- continues to step 945. In step 945, the control routine returns 

mines that the "no pad" screen button has touched, then the 5 control of the device to the control routine that called the 

control routine continues to step 917. ™™ treatment option control routine of FIG. 39. If, 

M „ . , « . , . however, m step 942, the control routine determines that the 

In step 917 the control routine determines whether the „ M buUoQ faas nQt ^ touched) tben the 

"Prior screen" button has been touched on the touch screen. CQQ{rol routke c^ues t0 step 943. In ^ 943, the contro i 

If, in step 917, the control routine determines that the "Prior routme determines whether the "Prior screen" button has 

screen" button has been touched, then the control routine 10 been touched on the touch screen. If, in step 943, the control 

returns to step 900. If, however, in step 917, the control routine determines that the "Prior screen" button has been 

routine determines that the "Prior screen" button has not touched, then the control routine returns to step 932. If, 

been touched, then the control routine returns to step 910. If, however, in step 943, the control routine determines that the 

however, in step 916, the control routine determines that the "Prior screen" button has been touched, then the control 

"no pad" button has been touched, then the control routine 15 routine returns to step 920. 

continues to step 914. In step 918, the control routine If, however, in step 934, the control routine determines 

transfers control of the device to the control routine outlined that an "up" button has been touched, then the control 

in the flow chart shown in FIG. 35 and continues to step 919. routine continues to step 936. In step 936, the control routine 

In step 919, the control routine returns control to the control displays a "Treatment running" screen, examples of which 

routine that called the create treatment plan control routine 2 0 are shown in FIGS. 144-147, and continues to step 938. In 

of FIG. 38. ste P ^38, the control routine determines whether an "Adjust 

™ , a u _* *u\ *i* 4.U • ■ « settings" button has been touched on the touch screen. If, in 

39 shows * fl0W Cha ? mat OUtlmeS the K "\ im tre t at " step 938, the control routine determines that an "Adjust 

ment option control routine of an exempkry embodiment in ^ button ^ ^ ^ ^ roudnc 

accordance with the present invention. The control routine conur ^ es to ^ 940 m st ep 940, the control routine 

starts at step 920 where the control routine shows a "Set up xwsfois ^01 of the device to the control routine that is 

mini treatment" screen, an example of which is shown in outlined in the flow chart of FIG. 37 and continues to step 

FIG. 139, and continues to step 922. In step 922, the control p 41 In 94^ mc control routine returns control of the 

routine determines whether an "increase" or "decrease" device to the control routine that called the mini treatment 

button has been touched on the touch screen. If, in step 922, ^ opticm control routine of FIG. 39. If, however, the control 

the control routine determines that an "increase" or routine determines that the "Adjust settings" button has not 

"decrease" button has been touched on the touch screen, been touched, then the control routine continues to step 945. 

then the control routine continues to step 924. {n step 945 ^ routme dete rmines whether an 

In step 924, the control routine adjusts the mini treatment intensity button has been touched on the touch screen. If, in 

times in accordance with the "increase" or "decrease" button 35 s t e p 945, the control routine determines that an intensity 

that has been touched and returns to step 920. If, however, button has been touched, then the control routine continues 

in step 922, the control routine determines that an "increase" to step 947 where the control routine changes the intensity 

or "decrease" button has not been touched, then the control setting in accordance with the touched intensity button and 

routine continues to step 926. In step 926, the control routine returns to step 936. If, however, the control routine deter- 

delermines whether a "Prior screen" button has been ^ mines that an intensity button has not been touched, then the 

touched on the touch screen. If, in step 926, the control control routine continues to step 946. In step 946, the control 

routine determines that a "Prior screen" button has been routine determines whether the segment is complete. If, in 

touched, then the control routine continues to step 928. In step 94^ the control routine determines that the segment is 

step 928, the control routine transfers control of the device not complete, then the control routine returns to step 938. If, 

back to the control routine that called the mini treatment 45 however, in step 946, the control routine determines that the 

option control routine of FIG. 39. If, however, in step 926, segment is complete, then the control routine continues to 

the control routine determines that the "Prior screen" button s tep 948. 

has not been touched, then the control routine continues to | D step 94^ ^ control routine detenmnes whether this is 

step 930. me ^t segment in the treatment plan. If, in step 948, the 

In step 930, the control routine determines whether the 50 control routine determines that this is not the last segment in 

"Start treatment" button has been touched. If, in step 930, the treatment plan, then the control routine returns to step 

the control routme determines that the "Start treatment" 932. If, however, in step 948, the control routine determines 

button has not been touched on the touch screen, then the that this is the last segment in the treatment plan, then the 

control routine returns to step 920. If, however, in step 930, control routine continues to step 950. In step 950, the control 

the control routine determines that the "Start treatment" 55 routine displays a "Treatment completed" screen, an 

button has been touched then the control routine continues example which is shown in FIG. 68, and continues to step 

to step 932. In step 932, the control routine displays a "Start 952, after the user presses the "OK" button on the test 

mini segment" screen, examples of which are shown in screen. In step 952, the control routine displays the "How to 

FIGS. 140-143, and continues to step 934. In step 934, the recharge battery" screen, an example of which is shown in 

control routine determines whether an "up" button has been 60 FIG. 41, and continues to step 953. In step 953, the control 

touched on the touch screen. If, in step 934, the control routine returns control of the device to the control routine 

routine determines that an "up" button has not been touched, that called the mini treatment option control routine of FIG. 

then the control routine continues to step 942. 39. 

In step 942, the control routine determines whether an Although the above described exemplary embodiments 

"Adjust settings" button has been touched on the touch 65 have four independent channels, it is to be understood that 

screen. If, in step 942, the control routine determines that an an electro- medical device may have any number of channels 

"Adjust settings" button has been touched on the touch and still be within the scope of the invention. 
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One advantage of the electromedical device is that it can 
be programmed to accept various waveforms and display 
feedback and control information. Various waveforms can 
be used in a sequence with one another depending upon the 
need of the patient as determined by the physician. Thus, 5 
multiple waveforms can be integrated together. The device 
guides the physician through questions in order to determine 
a suggested electrical stimulation protocol and pad place- 
ment. The device maintains records of system setup and 
patient usage and progress. 10 

Another feature of the preferred embodiment is shown in 
FIG. 151 which takes advantage of the flexibility of the 
electro-medical device. Below approximately 1,000 Hz, as 
frequency increases, intensity increases. As frequency 
increases above 1,000 Hz, however, sensation decreases so 15 
that the stimulation threshold increases. Thus, above 1,000 
Hz, a greater intensity (amplitude) is needed to cause an 
action potential in the target treatment area. Decreasing 
intensity or increasing frequency will place the user below 
the stimulation threshold and produce a relax time for 20 
muscle stimulation. 

As shown in FIG. 151, a diagonal therapy stimulation is 
provided which modulates frequency and amplitude to pro- 
duce periods of action potentials or stimulation periods, and 
non-stimulation/relax periods. 25 

A second wave therapy is shown in FIGS. 152 and 153, 
referred to as R-wave stimulation. For R-Wave therapy, the 
stimulation periods or "on" time are characterized as a 
period of electrical activity that generates action potentials 3Q 
and the "off" or relax time is a period of sub-threshold 
stimulation that does not create action potentials. In order to 
normalize metabolic activity, the relax time is a low-level, 
sub-threshold electrical activity. 

At least two phases of stimulation are provided for 3S 
R-wave stimulation, both muscle stimulation and interfer- 
ential. The first phase or "on** time muscle stimulation phase, 
shown in FIG. 152, uses a parameter set that causes an action 
potential to be generated in a nerve or muscle. A second 
phase, or "off" time interferential phase of stimulation, ^ 
shown in FIG. 153, has a parameter set that does not cause 
an action potential to be generated. The second phase forms 
a sinusoidal waveform that modulates frequency and ampli- 
tude to produce periods of non-action potential periods 
(relax phase). The modulated output frequency has an inter- 45 
val of one thousand to several thousand Hz with a modu- 
lation frequency of zero to several hundred Hz. 

Preferably, the first phase parameter set is in the range of 
between 0-1,000 Hz (pulses per second) and the second 
phase has a parameter set including a frequency between 50 
1,000-100,000 Hz. The stimulation level of the second 
phase is set lower than what would be necessary to cause an 
action potential to be generated. This "normalizing" current 
at higher frequencies has effects that are considered bio- 
chemical in nature as it triggers alternative mechanisms of 55 
action. 

Thus, the electrotherapy device combines muscle stimu- 
lation with rnteifuciflidl in the samv treatment by using the 
relax period to provide interferential stimulation. After the 
muscle stimulation contract period winds down, a brief 60 
interval of dead time can be provided before interferential 
stimulation begins. The interferential stimulation progresses 
for the relax time. Another interval of dead time can follow 
the end of the relax time prior to the next muscle stimulation 
contract period. Muscle stimulation preferably extends for 65 
approximately 40 minutes and the interval times between 
muscle stimulation and interferential is approximately 0.5 
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seconds, though can be adjusted on an interval selection 
screen such as shown in FIG. 128 to between 0.2-2.0 
seconds. 

This two-phase operation of the electrotherapy device is 
particularly useful for bone growth and muscle rehabilitation 
where pain is a factor. The electrotherapy device can be used 
for unsupervised in-home use or in a medical clinic envi- 
ronment for treatments to fit the patient, for studies, reha- 
bilitation and other clinical purposes. 

The muscle stimulation screens (FIGS. 45, 49, for 
instance) can be used to start, run and pause. A two-pad 
mode can be provided, so that the "adjust** button in FIG. 
126 is disabled. In addition, amplitude modulation is dis- 
abled. Relax time can be changed to massage time (FIG. 
125) to differentiate the two-phase operation and only nor- 
mal mode can be accessed in FIG. 127. 

While this invention has been described with the specific 
embodiments outlined above, many alternatives, modifica- 
tions and variations will be apparent to those skilled in the 
art. Accordingly, the exemplary embodiments described 
above are illustrative and not limiting. Various changes may 
be made without departing from the spirit and scope of the 
invention. 

We claim: 

1. A portable electro-medical device, comprising: 

at least one independently driven channel in communica- 
tion with at least one electrode for independently 
treating at least one muscle group of a patient, said at 
least one independently driven channel including a 
drive circuit; and, 

a control system in communication with said drive circuit 
to control said drive circuit to selectively provide 
signals to said at least one electrode to provide one of 
a plurality of muscle treatments. 

2. The device of claim 1, further comprising a high 
voltage supply circuit in selective communication with said 
drive circuit and wherein said control system is adapted to 
control said high voltage supply circuit to said drive circuit 
in response to a user selection that indicates a high voltage 
muscle treatment. 

3. The portable electro-medical device of claim 1, further 
comprising a maximum pulse intensity determination sys- 
tem. 

4. The portable electro-medical device of claim 3, 
wherein said maximum pulse intensity determination system 
is determined by said patient. 

5. The portable electro-medical device of claim 1, 
wherein said signals provide a pulsed muscle treatment, said 
signals being a series of on and off pulses over a period of 
time, said pulses having a predetermined constant voltage 
and an intensity and a waveform shape such that the begin- 
ning of said pulse has a ramp portion from zero to maximum 
intensity, a middle portion constant at a maximum intensity, 
and an end ramp portion from maximum intensity to zero, 
such that there is a smooth transition from no pulses to the 
maximum pulse intensity and then back to no pulses in order 
to provide smooth muscle contractions and release of con- 
tractions. 

6. The portable electro-medical device of claim 5, 
wherein both of said ramp portions of said waveform are 
symmetrical to each other. 

7. The portable electro-medical device of claim 5, 
wherein both of said ramp portions of said waveform are 
asymmetrical. 

8. The portable electro-medical device of claim 5, 
wherein the time period during which said drive circuit 
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provides said signals and does not provide said signals is 24. The portable electro-medical device of claim 22, 

selectable by said patient. wherein, when said interferential current signals are in a 

9. The portable electro-medical device of claim 1, continuous mode, the control system modulates the ampli- 
wherein said signals have a first phase imparting muscle tude of the interferential current signal. 

stimulation and a second phase corresponding to a relax 5 25. The portable electro-medical device of claim 24, 

period, wherein the amplitude modulation repeatedly reduces the 

10. The portable electro-medical device of claim 9, amplitude to 50 percent of a user selected value over a five 
wherein the first phase exceeds a stimulation threshold and second riod aod retums the ^p^e to the ^ elected 
the second phase is below the stimulation threshold. value 

11. The portable electro-medical device of claim 9 1Q 26 ^ fc electr0 . medical device of claim ^ 
wherein the first phase may be separated from the second wheQ ^ ' mlc ^ nti ^ signals m m a 

P U. Thr^ortable* electro-medical device of claim 9, variable , mode > * e contro1 ^ C0Dtrols said d ™ , drcuit 

wherein said signals are sinusoidal. to provide one of a low range beats per second, a high range 

13. The portable electro-medical device of claim 1, of beats ™ d a ™ dc raD S e of beats P er second ' 
wherein said control system is controllable so that the 15 each ran g e varying over a time period. 

signals have different waveforms. 27 ■ The portable electro-medical device of claim 26, 

14. The portable electro-medical device of claim 1, fur- wherein the low range is 1-10 beats per second, the high 
ther comprising a load detection circuit for said channel range is 80-150 beats per second and the wide range is 
between said at least one electrode and said drive circuit, 1-150 beats per second and wherein each range varies over 
said load detection circuit responsive to a load on said drive 20 a ten second time period. 

circuit to generate a load signal. 28. The portable electro-medical device of claim 1, 

15. The portable electro-medical device of claim 14, wherein said signals provide an interferential current treat- 
further comprising a short circuit detection system in com- ment and wherein said control system controls said drive 
munication with said load detection circuit to receive said circuit when providing said signals in one of a four pad 
load signal. 25 mode and a pre -mixed two pad mode, said four pad mode 

16. The portable electro-medical device of claim 15, providing a carrier frequency signal and an interference 
wherein the control system is responsive to the receipt of a frequency signal such that they are mixed in the patient and 
load signal that indicates a short circuit by said short circuit sa jd pre-mixed two pad mode pre-mixing said carrier fre- 
detection system to terminate one of said muscle stimulation quency signal and said interference frequency signal in said 
signals and interferential signals by said drive circuit. 30 device. 

17. The portable electro-medical device of claim 1, 29. A portable electro-medical device, comprising: 
wherein said at least one independently driven channel a t least one independenUy driven channel in communica- 
comprise a plurality of independently driven channels ^ ^ at ^ Qne electrodc for pr0 viding signals 
respectively m communication with a plurality of electrodes mat Mependently ^ at least one musc \ Q g^p of a 
for independently treating a plurality of muscle groups of 35 ^ ^ at ^ QQQ Mependeil ti y driverj ^^1 
said patient, each of said plurality of independently driven including a drive circuit; and 

channels including its own drive circuit, said control system , . «. . * r 

is in communication with each of said drive circuits. a m *°l system that determines which of a plurality of 

18. The portable electro-medical device of claim 17, m ^ scle ^atoents that said at least one electrode pro- 
further comprising a maximum pulse intensity determina- 40 -^r^ *? ^ P^ 10 , 11 *: _ . . . , 

4 «i_ * • ■ * 1 *• u m 4* • 30. The device of claim 29, further comprising a high 

tion system that is responsive to a selection by said patient , , , y \. *~z 

to separately select a pulse intensity for each driven channel. vo^ge supply circuit in selective communication with said 

19 The portable electro-medical device of claim 17, dnve ^ said 1 COntr ° 1 f P * 

wherein said control system controls said drive circuits to COQtro1 541(1 ^ volta S e ^PPly^curt to said dnve circuit 

synchronously drive each of said driven channels. 45 m to a USer 5616011011 that mdicates a hlgh volta S e 

20. The portable electro-medical device of claim 17, muscletreatment. 

. *j 1 i-* c • -1 j *i j • u 1 31. The device of claim 29, wherein said control system 

wherem said plurality of independently driven channels . ' 7 

comprise a plurality of pairs of independently driven chan- comprises. 

nels and each pair of independently driven channels is a programmable logic device m selective communication 

driven synchronously within each pair and asynchronously 50 ™ lh saM at least one independenUy driven channel; 

with respect to each other pair of driven channels. at least one wave generator in selective communication 

21. The portable electro-medical device of claim 1, fur- with said at least one independently driven channel; 
ther comprising: and 

an average intensity value determination system that a processor controlling said programmable logic device 

determines an average value of the intensity of said 55 and said at least one wave generator to provide said 

signals; and determined muscle treatment. 

a removable data storage that stores said determined 32. The portable electro-medical device of claim 29, 

average* value. further comprising a maximum pulse intensity determina- 

22. The portable electro-medical device of claim 1, tion system. 

wherein said signals provide an interferential current treat- 60 33. The portable electro-medical device of claim 32, 

ment and said control system controls said drive circuit wherein said maximum pulse intensity o^tennination system 

when providing said interferential current signals in one of is determined by said patient. 

a continuous mode and a variable mode. 34. The portable electro-medical device of claim 29, 

23. The portable electro-medical device of claim 22, wherein said signals provide a pulsed muscle treatment, said 
wherein when said interferential current signals are in a 65 signals being a series of on and off pulses over a period of 
continuous mode the interference frequency is adjustable time, said pulses having a predetermined constant voltage 
between 0 and 200 beats per second. and an intensity and a waveform shape such that the begin- 
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ning of said pulse has a ramp portion from zero to maximum 
intensity, a middle portion constant at a maximum intensity, 
and an end ramp portion from maximum intensity to zero, 
such that there is a smooth transition from no pulses to the 
maximum pulse intensity and then back to no pulses in order 5 
to provide smooth muscle contractions and release of con- 
tractions. 

35. The portable electro-medical device of claim 29, 
wherein both of said ramp portions of said waveform are 
symmetrical to each other. 10 

36. The portable electro-medical device of claim 35, 
wherein the time period during which said drive circuit 
provides said signals and does not provide said signals is 
selectable by said patient. 

37. The portable electro-medical device of claim 29, 15 
wherein both of said ramp portions of said waveform are 
asymmetrical. 

38. The portable electro-medical device of claim 29, 
wherein said signals have a first phase imparting muscle 
stimulation and a second phase corresponding to a relax 20 
period. 

39. The portable electro-medical device of claim 38, 
wherein the first phase exceeds a stimulation threshold and 
the second phase is below the stimulation threshold. 

40. The portable electro-medical device of claim 38, 25 
wherein the first phase may be separated from the second 
phase by an interval. 

41. The portable electro-medical device of claim 38, 
wherein said signals are sinusoidal. 

42. The portable electro-medical device of claim 29, 30 
wherein said control system is controllable so that the 
signals have different waveforms. 

43. The portable electro-medical device of claim 29, 
further comprising a load detection circuit for said channel 
between said at least one electrode and said drive circuit, 35 
said load detection circuit responsive to a load on said drive 
circuit to generate a load signal. 

44. The portable electro-medical device of claim 43, 
further comprising a short circuit detection system in com- 
munication with said load detection circuit to receive said 40 
load signal 

45. The portable electro-medical device of claim 44, 
wherein the control system is responsive to the receipt of a 
load signal that indicates a short circuit by said short circuit 
detection system to terminate one of said muscle stimulation 45 
signals and interferential signals by said drive circuit. 

46. The portable electro-medical device of claim 29, 
wherein said at least one independently driven channel 
comprise a plurality of independently driven channels 
respectively in communication with a plurality of electrodes 50 
for independently treating a plurality of muscle groups of 
said patient, each of said plurality of independently driven 
channels including its own drive circuit, said control system 

is in communication with each of said drive circuits. 

47. The portable electro-medical device of claim 46, 55 
further comprising a maximum pulse intensity determina- 
tion system that is responsive to a selection by said patient 

to separately select a pulse intensiry-foreacir di i vcu channe l. 

48. The portable electro-medical device of claim 46, 
wherein said control system controls said drive circuits to 60 
synchronously drive each of said driven channels. 

49. The portable electro-medical device of claim 46, 
wherein said plurality of independently driven channels 
comprise a plurality of pairs of independently driven chan- 
nels and each pair of independently driven channels is 65 
driven synchronously within each pair and asynchronously 
with respect to each other pair of driven channels. 
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50. The portable electro-medical device of claim 29, 
further comprising: 

an average intensity value determination system that 
determines an average value of the intensity of said 
signals; and 

a removable data storage that stores said determined 
average value. 

51. The portable electro-medical device of claim 29, 
wherein said signals provide an interferential current treat- 
ment and said control system controls said drive circuit 
when providing said interferential current signals in one of 
a continuous mode and a variable mode. 

52. The portable electro-medical device of claim 51, 
wherein when said interferential current signals are in a 
continuous mode the interference frequency is adjustable 
between 0 and 200 beats per second. 

53. The portable electro-medical device of claim 51, 
wherein, when said interferential current signals are in a 
continuous mode, the control system modulates the ampli- 
tude of the interferential current signal. 

54. The portable electro-medical device of claim 53, 
wherein the amplitude modulation repeatedly reduces the 
amplitude to 50 percent of a user selected value over a five 
second period and returns the amplitude to the user selected 
value. 

55. The portable electro-medical device of claim 51, 
wherein, when said interferential current signals are in a 
variable mode, the control system controls said drive circuit 
to provide one of a low range beats per second, a high range 
of beats per second and a wide range of beats per second, 
each range varying over a time period. 

56. The portable electro-medical device of claim 55, 
wherein the low range is 1-10 beats per second, the high 
range is 80-150 beats per second and the wide range is 
1-150 beats per second and wherein each range varies over 
a ten second time period. 

57. The portable electro-medical device of claim 29, 
wherein said signals provide an interferential current treat- 
ment and wherein said control system controls said drive 
circuit when providing said signals in one of a four pad 
mode and a p re-mixed two pad mode, said four pad mode 
providing a carrier frequency signal and an interference 
frequency signal such that they are mixed in the patient and 
said p re-mixed two pad mode pre -mixing said carrier fre- 
quency signal and said interference frequency signal in said 
device. 

58. A portable electro-medical device, comprising: 

at least one independently driven channel in communica- 
tion with at least one electrode for independently 
treating at least one muscle group of a patient, said at 
least one independently driven channel including a 
drive circuit; 

a pulsed muscle stimulation system in selective commu- 
nication with said drive circuit; 

an interferential current stimulation system in selective 
communication with said drive circuit; 

a processor that selectively connects one of said pulsed 
muscle stimulation system and said interferential cur- - 
rent stimulation system to said drive circuit and that 
controls said selected system to provide signals that 
treat said at least one muscle group; and 

a case enclosing said pulsed muscle stimulation system, 
said interferential current stimulation system, said at 
least one independently driven channel and said pro- 
cessor. 

59. The device of claim 58, further comprising a high 
voltage supply circuit in selective communication with said 
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drive circuit and wherein said processor selectively connects 
one of said pulsed muscle stimulation system, said interfer- 
ential current stimulation system and said high voltage 
supply circuit, said processor controlling said high voltage 
supply circuit to said drive circuit in response to a user 
selection that indicates a high voltage muscle treatment. 

60. The portable electro-medical device of claim 58, 
further comprising removable data storage. 

61. The portable electro-medical device of claim 58, 
further comprising a maximum pulse intensity determina- 
tion system. 

62. The portable electro-medical device of claim 61, 
wherein said maximum pulse intensity determination system 
is determined by said patient. 

63. The portable electro-medical device of claim 58, 
wherein said signals provide a pulsed muscle treatment, said 
signals being a series of on and off pulses over a period of 
time, said pulses having a predetermined constant voltage 
and an intensity and a waveform shape such that the begin- 
ning of said pulse has a ramp portion from zero to maximum 
intensity, a middle portion constant at a maximum intensity, 
and an end ramp portion from maximum intensity to zero, 
such that there is a smooth transition from no pulses to the 
maximum pulse intensity and then back to no pulses in order 
to provide smooth muscle contractions and release of con- 
tractions. 

64. The portable electro-medical device of claim 63, 
wherein both of said ramp portions of said waveform are 
symmetrical to each other. 

65. The portable electro-medical device of claim 63, 
wherein both of said ramp portions of said waveform are 
asymmetrical. 

66. The portable electro-medical device of claim 63, 
wherein the time period during which said drive circuit 
provides said signals and does not provide said signals is 
selectable by said patient. 

67. The portable electro-medical device of claim 58, 
wherein said signals have a first phase imparting muscle 
stimulation and a second phase corresponding to a relax 
period. 

68. The portable electro-medical device of claim 67, 
wherein the first phase exceeds a stimulation threshold and 
the second phase is below the stimulation threshold. 

69. The portable electro-medical device of claim 67, 
wherein the first phase may be separated from the second 
phase by an interval. 

70. The portable electro-medical device of claim 67, 
wherein said signals are sinusoidal. 

71. The portable electro-medical device of claim 58, 
wherein said control system is controllable so that the 
signals have different waveforms. 

72. The portable electro-medical device of claim 58, 
farther comprising a load detection circuit for said channel 
between said at least one electrode and said drive circuit, 
said load detection circuit responsive to a load on said drive 
circuit to generate a load signal. 

73. The portable electro-medical device of claim 72, 
further comprising- a short crrcmt detection system in com- 
munication with said load detection circuit to receive said 
load signal 

74. The portable electro-medical device of claim 73, 
wherein the control system is responsive to the receipt of a 
load signal that indicates a short circuit by said short circuit 
detection system to terminate said signals by said drive 
circuit. 

75. The portable electro-medical device of claim 58, 
wherein said at least one independently driven channel 
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comprise a plurality of independently driven channels 
respectively in communication with a plurality of electrodes 
for independently treating a plurality of muscle groups of 
said patient, each of said plurality of independently driven 
5 channels including its own drive circuit, said control system 
is in communication with each of said drive circuits. 

76. The portable electro-medical device* of claim 75, 
further comprising a maximum pulse intensity determina- 
tion system that is responsive to a selection by said patient 
to separately select a pulse intensity for each driven channel. 

77. The portable electro-medical device of claim 75, 
wherein said control system controls said drive circuits to 
synchronously drive each of said driven channels. 

78. The portable electro-medical device of claim 75, 
wherein said plurality of independendy driven channels 

15 comprise a plurality of pairs of independently driven chan- 
nels and each pair of independently driven channels is 
driven synchronously within each pair and asynchronously 
with respect to each other pair of driven channels. 

79. The portable electro-medical device of claim 58, 
20 further comprising: 

an average intensity value determination system that 
determines an average value of the intensity of said 
signals; and 

a removable data storage that stores said determined 
25 average value. 

80. The portable electro-medical device of claim 58, 
wherein said signals provide an interferential current treat- 
ment and said control system controls said drive circuit 
when providing said interferential current signals in one of 

30 a continuous mode and a variable mode. 

81. The portable electro-medical device of claim 80, 
wherein when said interferential current signals are in a 
continuous mode the interference frequency is adjustable 
between 0 and 200 beats per second. 

82. The portable electro-medical device of claim 80, 
35 wherein, when said interferential current signals are in a 

continuous mode, the control system modulates the ampli- 
tude of the interferential current signal. 

83. The portable electro-medical device of claim 82, 
wherein the amplitude modulation repeatedly reduces the 

40 amplitude to 50 percent of a user selected value over a five 
second period arid returns the amplitude to the user selected 
value. 

84. The portable electro-medical device of claim 80, 
wherein, when said interferential current signals are in a 

45 variable mode, the control system controls said drive circuit 
to provide one of a low range beats per second, a high range 
of beats per second and a wide range of beats per second, 
each range varying over a time period. 

85. The portable electro-medical device of claim 84, 
50 wherein the low range is 1-10 beats per second, the high 

range is 80-150 beats per second and the wide range is 
1-150 beats per second and wherein each range varies over 
a ten second time period. 

86. The portable electro-medical device of claim 58, 
55 wherein said signals provide an interferential current treat- 
ment and wherein said control system controls said drive 
circuit when providing said signals in one of a four pad 
mode and a pre -mixed two pad mode, said four pad mode 
providing a carrier frequency signal and an interference 

60 frequency signal such that they are mixed in the patient and 
said pre -mixed two pad mode pre -mixing said carrier fre- 
quency signal and said interference frequency signal in said 
device. 

87. A hand -held electro-medical device, comprising: 

65 a drive circuit adapted to be connected to at least one 
corresponding electrode for treating a muscle group of 
a patient; 
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a multiplexer in communication with said drive circuit; 99. The portable electro-medical device of claim 97, 

a programmable logic device in communication with said wherein the first phase may be separated from the second 
multiplexer; P hasc bv an interval. 

100. The portable electro-medical device of claim 97, 
a sine wave generator in communication with said mul- s wherein sajd l £ gpab ^ sinusoidal. 

tiplexer; 101 ^ po rta t,i e electro-medical device of claim 87, 

a processor in communication with said sine wave gen- wherein said control system is controllable so that the 

erator and said programmable logic device; signals have different waveforms, 

an interactive liquid crystal display in communication 102. The portable electro-medical device of claim 87, 

with said processor, wherein said processor is respon- iq farther comprising a load detection circuit for a channel 

sive to a user selection of a muscle treatment from a between said at least one electrode and said drive circuit, 

plurality of muscle treatments received from said inter- said load detection circuit responsive to a load on said drive 

active liquid crystal display to control said multiplexer circuit to generate a load signal. 

and at least one of said programmable logic device and 103. The portable electro-medical device of claim 102, 

said sine wave generator to generate a muscle treatment ^ further comprising a short circuit detection system in com- 

signal at said drive circuit that corresponds to said mumcation with said load detection circuit to receive said 

selected muscle treatment; and load signal, 

a case enclosing said drive circuit, said multiplexer, said 104 ^ portable electro-medical device of claim 103, 

programmable logic device, said sine wave generator, wherein the control system is responsive to the receipt of a 

said processor and said interactive liquid crystal dis- 20 load signal that indicates a short circuit by said short circuit 

play. detection system to terminate one of said muscle stimulation 

88. The device of claim 87, further comprising a load signals and interferential signals by said drive circuit, 
sensing circuit in communication with said drive circuit. H* 5 - Th Q portable electro-medical device of claim 87, 

89. The portable electro-medical device of claim 88, further comprising a plurality of independent drive circuits, 
wherein said signals provide a pulsed muscle treatment, said 25 eacn drive circuit within a corresponding independently 
signals being a series of on and off pulses over a period of driven channel respectively connectable to a plurality of 
time, said pulses having a predetermined constant voltage electrodes for independently treating a plurality of muscle 
and an intensity and a waveform shape such that the begin- groups of said patient, said control system is in communi- 
ning of said pulse has a ramp portion from zero to maximum cation with each of said drive circuits. 

intensity, a middle portion constant at a maximum intensity, 30 10& The portable electro-medical device of claim 105, 

and an end ramp portion from maximum intensity to zero, further comprising a maximum pulse intensity determina- 

such that there is a smooth transition from no pulses to the QOn system that is responsive to a selection by said patient 

maximum pulse intensity and then back to no pulses in order to separately select a pulse intensity for each driven channel, 

to provide smooth muscle contractions and release of con- N* 7 - portable electro-medical device of claim 105, 

tractions. 35 wherein said control system controls said drive circuits to 

90. The portable electro-medical device of claim 89, synchronously drive each of said driven channels, 
wherein both of said ramp portions of said waveform arc 108 - ^ portable electro-medical device of claim 105, 
symmetrical to each other. wherein each said independently driven channel comprises 

91. The portable electro-medical device of claim 89, a P air of independently driven channels and each pair of 
wherein both of said ramp portions of said waveform are 40 independently driven channels is driven synchronously 
asymmetrical. within each pair and asynchronously with respect to each 

92. The portable electro-medical device of claim 89, other pair of driven channels. 

wherein the time period during which said drive circuit 1W. The portable electro-medical device of claim 87, 

provides said signals and does not provide said signals is further comprising: 

selectable by said patient. 45 an average intensity value determination system that 

93. The device of claim 87, further comprising a high determines an average value of the intensity of said 
voltage supply circuit in selective communication with said signals; and 

drive circuit and wherein said processor is adapted to control a removable data storage that stores said determined 

said high voltage supply circuit to said drive circuit in average value. 

response to a user selection that indicates a high voltage 50 110. The portable electro-medical device of claim 87, 

muscle treatment. wherein said signals provide an interferential current treat- 

94. The device of claim 87, wherein said plurality of ment and said control system controls said drive circuit 
muscle treatments include a pulsed muscle stimulation treat- when providing said interferential current signals in one of 
ment and an interferential muscle treatment. a continuous mode and a variable mode. 

95. The portable electro-medical device of claim 87, 55 111. The portable electro-medical device of claim U0, 
further comprising a maximum pulse intensity determina- wherein when said interferential current signals are in a 
tion system. continuous mode the interference frequency is adjustable 

96. The portable electro-medical device of claim 95, between 0 and 200 beats per second. 

wherein said maximum pulse intensity determination system 112. The portable electro-medical device of claim 110, 

is determined by said patient. 60 wherein, when said interferential current signals are in a 

97. The portable electro-medical device of claim 87, continuous mode, the control system modulates the ampli- 
wherein said signals have a first phase imparting muscle tude of the interferential current signal. 

stimulation and a second phase corresponding to a relax 113. The portable electro-medical device of claim 112, 

period. wherein the amplitude modulation repeatedly reduces the 

98. The portable electro-medical device of claim 97, 65 amplitude to 50 percent of a user selected value over a five 
wherein the first phase exceeds a stimulation threshold and second period and returns the amplitude to the user selected 
the second phase is below the stimulation threshold. value. 
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114. The portable electro-medical device of claim 110, 
wherein, when said interferential current signals are in a 
variable mode, the control system controls said drive circuit 
to provide one of a low range beats per second, a high range 
of beats per second and a wide range of beats per second, 5 
each range varying over a time period. 

115. The portable electro-medical device of claim 114, 
wherein the low range is 1-10 beats per second, the high 
range is 80-150 beats per second and the wide range is 
1-150 beats per second and wherein each range varies over 10 
a ten second time period. 
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116. The portable electro-medical device of claim 87, 
wherein said signals provide an interferential current treat- 
ment and wherein said control system controls said drive 
circuit when providing said signals in one of a four pad 
mode and a pre-mixed two pad mode, said four pad mode 
providing a carrier frequency signal and an interference 
frequency signal such that they are mixed in the patient and 
said pre-mixed two pad mode pre-mixing said carrier fre- 
quency signal and said interference frequency signal in said 
device. 

* * * * * 
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